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INTRODUCTION 
C o n s i d e r a bl e  p r o g re s s  h a s  b een m a d e  i n  i m p r o v i n g 
t h e  s t a n d a b i l i ty o f  c o r n  (tea may� L . ) .  F u r t h e r  i m p r o v em e n t 
·o f s t a l k l o d g i n g r e s i s t a n c e  i s  s t i l l  n e c e s s a ry b e c a u s e  of  
i n c r e a s e d  p l a nt p o p u l a t i o n s  a n d f e r t il i z e r  i n p u t s . Al s o ,  
w i t h i n c r e a s e d y i el d s  a n d r i s i n g d r y i n g  c o s t s , l a t e s e a s o n  
s t a l k s t r e n g t h w i l l  b e c om e  e v e n  m o r e  i m p o r t a n t  i n  t h e  
f u t u r e .  St a l k r o t s  a r e  t h e  m o s t  i m po r t a n t  d i s e a s e s  o f  c o r n  
i n  t h e  U . S . c o r n  b e l t a n d. a s s oc i a t e d  l o d g i n g  l e a d s  t o  
l o s s e s  i n  y i e l d  a n d q u al i ty . 
T h e  m o s t  e c o n om i c a l  w ay t o  m i n i m i z e l o s s e s  i s  t o  
i m p r o v e  s t a l k l o d g i n g  r e s i s t a n c e . How e v e r ,  l o d g i n g  i s  
s u bj e c t  t o  s u b s t a n t i a l  g e n o ty p e  x e n v i r o n m e n t i n t e r a c t i o n . 
St a l k q u a l i ty t r a i t s  h i g h l y  c o r r el a t e d  w i t h  s t a l k l o d g i n g  
w o ul d  b e  h el pf ul  i n  a s e l e c t i o n pr o g r a m b e c a u s e  t h ey a l l ow 
t h e  pl a n t b r e e d e r  t o  s el e c t  f o r  s t a l k  l o d g i n g  r e s i s t a n c e  
i n d e p e n d e n t  o f  t h e  e n v i r o nm e n t . 
P r o g r e s s i n  a ny pl a n t  br e e d i n g p r o g r a m d e p e n d s  o n  
g e n e t i c v a r i a b i l i ty i n  t h e  g e r m pl a s m a n d  t h e  e f f e c t i v e n e s s 
o f  s e l e c t i o n . T h e b r e e d e r  i s  i n t e r e s t e d i n  p o p ul a t i o n s  w i t h 
a h ig h  m e a n pe r f o r m a n c e  a n d i n f o r m a t i o n  o n  t h e  n a t u r e a n d 
m a g n i t u d e  o f  g e n e t i c v a r i a t i o n p r e s e n t . K n ow l e d g e  of 
2 
genetic correlations among traits is important 1n plant 
breeding when two or more traits are concerned. Few genetic 
·-
studies have been conducted to investigate the relative 
importance of stalk rot resistance as compared to stalk 
quality traits and their effects on stalk lodging. 
The objectives of this study were: 1 )  obtain 
estimates of genetic and phenotypic variances and 
covariances for stalk quality characteristics, stalk rot 
resistance, and agronomic traits in SD P P  maize synthetic; 
2 )  calculate heritabilities for these. traits; 3 ) 
investigate genetic and phenotypic correlations between 
stalk lodging, stalk quality· traits, and stalk rot 
resistance; and 4 )  examine the suitability of stalk 
quality characteristics and stalk rot resistance as 
selection criteria to improve stalk lodging resistance. 
3 
LITERATURE REVIEW 
Impor tance of Stalk Lodging 
Two types of lodging . can be observed in corn 
production. Root lodging is primarily due to poor brace 
root development and parenchyma breakdown ( 3 1 ) . Only stalk 
lodging is addressed in this study: a corn plant is 
considered stalk lodged if the stalk breaks or collapses 
bel ow the ear. Considerable progress in improving stalk 
lodging resistance in maize has been achieved during the 
last four decades. Duvick ( 1 8 )  estimated a 1 l improvement 
in stalk lodging resistance per year over the last 40 
years. Still, 5 to 2 5  % of potential yield is lost 
annually due to stalk lodging ( 7 5 ) . Losses in yield· occur 
on lodged plants due to poor grain filling and ears are 
often lost during the mechanical harvest operation. Quality 
of the grain may be further reduced when the ear of a 
broken stalk touches the ground and ear rot develops. 
Four decades ago, when most of the corn was hand 
harvested, standability was of less importance to the 
farmer. Also plant populations have increased steadily over 
the last 50 years. Because of improved lodging resistance 
and use of fertilizer, newer hybrids respond favorably to 
4 
higher plant populations compar�d to early hybrids or open 
pollinated corn (53 )� 
A number of interacting factors cause stalk 
lodgi.ng. Stalk rotting diseases are responsible for stalks 
_breaking at disease- infected nodes. As lli�lodia maydis 
. resistance was improved in a recurrent selection program in 
the open pollinated variety Lancaster, stalk lodging 
decreased ( 2 6 ) . Damage by corn borers weakens the stalk and 
provides entry for stalk rot organisms ( 6 ) . A high ear and 
plant height are thought to increase lodging susceptibility 
in corn. Vera and Crane ( 6 8 ) found a nonsignificant 
reduction in percent lodging after selecting for lower ear 
height for two cycles in two populations of maize • 
. Inherent stalk strength is a major factor in 
determining stalk lodging resistance. Stalk strength 
resides principally in the rind tissue ( 4 , 5 ) . Cloninger et 
-
al. ( 7 )  attributed 65 % to the contribution of the rind for 
crushing strength. Zuber (7 1 )  noted a reduction in stalk 
lodging in a recurrent selection program for high stalk 
crushing strength. 
Soil fertility seems to influence the incidence of 
stalk lodging . Josephson ( 27 )  observed reduced stalk 
breakage from applications of potash fertilizer . Parenchyma 
disintegration related with stalk lodging occurs in the 
5 
1 ow e r  p o r t i o n  o f  t h e  s t a l k i n  po t a s  si urn d e f i c i ent pl a nt s  
( 3 1  ) • 
Importance of Stalk Rot 
S t a l k r o t s  a r e  t h e  m o s t  im p o r t a nt di s e a s e s  o f  m a iz e 
i n  t h e  U .  S .  Co r n  B el t  a n d t h r o u g h o ut t h e  w o rl d . E s t i m a te s 
o _f y iel d l o s s e s  due t o  s t a l k  r ot r a n g e  f r om 3 t o  2 0  % 
( 2 4 ,  3 9 , 69 ) . L o s s e s  occur b eca u s e  o f  pr em a t u r e s e n e sce nce , 
p o o r l y  f i l l e d e a r s  a n d  s t a l k b r e a k a g e  w hich c r e a te h a r v e st 
d i f f icul t i e s  a n d  l o s s  i n  d ry m a tte r pr od uct i on .  Sta l k  r ot 
w e a k e n s  t h e  s t a l k  a nd r e duce s s t r uctur a l  s t r a n gth, 
r e s ul t i n g i n  s t a l k  b r e a k a g e  l ate i n  t h e  g r ow i n g  s e a s o n (1) . 
A v a r i ety -o f o r g a n i sm s  a r e  r e s p o n si b l e f o r  s t a l k  
r o t s . A n t h r acn o s e s t a l k r ot ca u s e d  b y  CQlletQtricbum 
&LaminicQla ( Ce s . ) G .  W .  W i l s .  is m o s t  p r e v a l e nt i n  t h e  
s o u t h ea st e r n  s t a te s a n d th e s out h e r n  h al f o f  th e co r n  b e l t .  
G i b b e r el l a  s tal k r ot ca u s e d  by QiQherell� �eae ( Schw . )  
Pe tch . a n d F u s a r i um sta l k r o t  ca u s e d  by Eu�acium 
mQnilif.Qrme S h el d . s h ow v e ry s i m i l a r  sy m pt o m s .  T h i s  st u dy 
is m a i n l y  c o nc e r n e d w ith Dipl o d i a sta l k r o t  ca u s e d  by 
Ui�lQdia ma�dis ( B e r k . ) S a cc .  ( Sy n .  llL �eae ( Schw . ) Le v . ) . 
T h e fu n g u s  p r o d uce s f l a sk - sha p e d  py cn i di a  co nta i n i n g 
tw o-c e l l e d s p o r e s  w hich o v e rw int e r  m a i nl y o n  d e b r i s  a n d 
d i s s em i n a t e  by r a i n  a n d w i n d  (58) . I n f ect i o n  occu r s  m a i n l y  
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t h r o u g h  t h e  c r ow n ,  m e s oco ty 1 and r o o t s  ( 3 0) . T h e  d i s e a s e  
d e v el o p s  a f t e r · s i l ki n g ca u s i ng p i t h d i s i n t e g r a t i on a n d 
d i sco l o r a t i on ( 5 8 ) . 
Im p r o v e m e n t  i n  s t a l k q u a l i ty i n  a r ecu r r e n t  
· s e l ect i on p r o g r a m t o  i ncr ea s e  s t a l k  r o t r e s i s t a nce h a s  b e e n  
o b s e r v e d  ( 2 6 ) • .  Z u b e r  e t  a l . ( 7 2 ) f o und t h a t t h e  p i th 
cont r i b u t e s  s u b s t a n t i a l l y  t o  t o t a l  s t a l k cr u s h i n g s t r e n gth 
and t h e r e f o r e  s t r e s s e d  t h e  i m p o r t a nce of d e v el o pin g s t r a i n s 
w i t h Dipl o d i a  r e s i s t a nce . Fol ey ( 1 9) o n  t h e  o t h e r  h a n d  
s t a t e s  t h a t  t h ick -w al l e d ste m s  w i l l  p e r m i t  t h e u s e  of 
c u l t i v a r s w i t h  l e s s  d eca y r e si s t a nce . 
S o i l  f e r t i l i ty i n f l u e nce s s t a l k r o t s e v e r i ty a n d  a 
b a l a nce d n i t r o g e n/p o t a s s i um r a t i o  i s  i m p o r t a n t . G ene r a l l y ,  
p o t a s sium f e r til i z e r  r e d uce s t h e  i nci d e nce o f  s t a l k r o t  a n d 
n i t r o g e n  f e r t i l i z e r incr e a s e s  t h e  s e v e r i ty o f  s t a l k r o t  
( 1,27,4 4 ,48 ). S i m p s o n ( 55 )  o b s e r v e d  l e s s  s t a l k r o t  w i t h o u t  
n i t r o g e n  f e r t i l iz a t i o n a n d sh a l l ow o r  n o  cul t i v a t i o n . Hi s 
e x p e r im ent s i nd i ca t e t h a t d a m a g e  t o  t h e  co r n  
e nco u r a g e s  t h e d e v el o pm ent o f  s t a l k r o t d i s e a s e s. 
r o ot 
S t a l k r o t  t end s t o  i ncr e a s e  w i t h  h i g h e r  pl a n t  
p o p u l a tions ( 4 3 ) . T h e i nc i d e nce o f  s t a l k r o t  i ncr e a s e d  a s  
t h i nni ng w a s  d e l a y e d :  s t r e s s  f r om i n t e r  pl a n t com p et i t i o n  
e l e v a t e d  s t a l k r o t s u sce p t i b i l i ty (42 ). D o d d  ( 1 6) s u g g e ste d 
a ph o t o sy n t h e t i c  s t r e s s- t r a n sl ocati o n  b a l a nc e  co nce pt of 
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t h e  p r e d i s p o s i t i on t o  s t a l k r o t s . T h e g r a i n s i n k a n d  s t a l k  
a r e  c o m pe t i n g · f o r  c a r b ohy d r a t e s  ( 3) a nd t h e r e by i n f l u e n c i n g  
t h e  ra t e  o f  s e ne s c e nc e w h i c h pr e d i s p o s e s  t h e s t a l k t o  
i nv a s i on b y  f un g i ( 16 ). B a r r en pl a n t s s e em t o  b e  m o r e  
r e s i s t a n t  t o  s t a l k r o t ( 16,45}. T h e r e  i s  a c o r r el a t i o n  
b e tw e en d e cl i n i n g  s u g a r c ont e n t  in t h e  s t a l k a f t e r  s i l k i ng 
a nd s t a l k r o t s u s c e pt i b i l i ty ( 12 ). D e c l i n i ng sug a r l e v e l s  
w e r e  r el a t e d  t o  s e ne s c enc e of  t h e  pit h  t i s s u e  wh i c h l e a d s  
t o  s u s c e p t i b i l i ty t o  s t a l k r o t c a u s e d  by IlilllQdia maY.di.s. 
( 13 ). Pa p p e l i s  a nd c o - w o rk e r s  ( 45,46,47 ) r el a t e d  t h e s p r e a d  
o f  pa t h o g e n s  t o  c e l l  d e a th : l i v i ng c e l l s  i n  t h e  s t a l k  
r e s i st t h e  s p r e a d  o f  s t a l k r o t ti n g  o r g a n i sm s. Th e r e fore 
s t a l k r o t  r a t i n g s w e r e  c o r r el a t e d  w i t h p i t h c o n d i t i o n  
r a t i n g s  ( 47 ) . 
Stalk Quality Char acteristics 
and 
Correlations Among Traits 
T h e b r e e d e r  is a bl e  to s e l e c t  f o r  s t a l k  l o d g i n g  
r e s i s t an c e  onl y w h e n  s t a l k l o d g i n g  o c c u r s i n  t h e  f i el d . 
S i nce l o d g i n g i s  g r e a tl y  i n f l u e n c e d  by e n v i r o nm e n t a l  
f a c t o r s ,  s e l e c t i o n i s  n o t  po s sibl e e v e ry y e a r . A n um b e r  o f  
s t a l k q u a l i ty t r ai t s  w h i c h a r e  1 e s s  d e p e n d e n t o n  t h e  
e n v i r o nm e n t  h a v e b e e n  i n v e s t i g a te d  w hi c h  a r e  u s e fu l  fo r 
indi r e c t  s el e c t io n . Z u b e r  a n d G r o g a n (73) i nt r o d u c e d  a 
te c h niq u e  fo r m e a s u r i ng s t a l k s t r e n gth in c o r n : to 
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dete rm i n e  sta l k c r u s h i n g str e n gth , 5 1 mm l o n g  s ta l k  s e ct i on s 
w e r e  c r u s h ed ·w i t  h a hy d raul i c p r e s s • S e 1 e c t i o n  f o r  s t a 1 k 
c r u s h i n g  str e n gth i s  a n  e f f e ct i v e  m et h o d  t o  r edu c e  sta l k 
l odg i n g  a nd i de nt i fy g e n oty p e s w i th sta�k l od g i n g 
r e s i sta n c e  ( 9 , 4 1 , 7 1 ) . S el e ct i o n  f o r  h i g h c r u s h i n g  s t r e n gth 
i n  Mo SQA a nd M o SQB m a i z e  p o p u l at i o n s s i g n i f i c a n t l y  
de c r e a s ed sta l k l odg i n g ( 9 ) . 
R i nd p u n c t u r e m e a s u r em e nt s  u s i n g  a p e n etr om e t e r  
w e r e  h i g h l y c o r r el a ted .w i t h  sta l k l od g i n g a nd c o n s i s t e n t  i n  
d i st i n g u i sh i n g b etw e e n  l odg i n g r e s i st a n c e  l e v el s  i n  hy b r i d s  
u nde r 1 ow a n d h i g h 1 o d g i n g c o n  d i t i o n  s ( 6 3 , 6 7 ) • A h i  g h 
c o r r el a t i o n w i t h s t a l k q u a l i ty mak e th e s i mpl e a nd q u i c k 
r i nd str e n gth p r o cedu r e  a v a l u a b l e s e l �c t i o n c r i t e r i a  ( 37 ) . 
T h e r i nd p u n ct u r e  m e t hod m e a s u r e s  th e c o nt r i b u t i on o f  t h e  
r i nd t o  t ota l sta l k str e n gth a nd a l l ow s  t h e c om pl e t i o n of 
o n e  cy c l e p e r  g e n e r a ti o n  i n  a c y c l i c  b r e ed i n g  p rog r a m . R i nd 
p u n c t u r e v a l u e s a nd c r u s h i n g s t r e n gth w e r e  s i g n i f i c a n t l y  
c o r r el ated ( r  = 0 . 8 1 )  a t  f o u r s a m pl i n g da te s i n  s i x  s i n gl e  
c r o s s  hy b r i ds ( 1 0 ) . A n um b e r  o f  o th e r  s t u d i es c o n f i r m th e 
n e g a ti v e  c o r r el a t i o n b etw e e n  sta l k l od g i n g a nd r i nd 
p u n c t u r e  m e a s u r em e nts o r  s t a l k c r u s h i n g s tr e n g t h w h i c h w e r e  
h i g h l y  c o r r el ated w i t h  e a c h  o t h e r  ( 2 , 6 5 , 6 7 ) . 
Lodg i n g  r e s i s t a n t  pl a nt s  g e n e ral l y  h a ve t h i c k e r 
r i nds a nd s t ron g e r  s t a l k s t han l o d g i n g  s u s c e p t i bl e  pl a n t s . 
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( 3 4 ) • Z u b e  r a nd L o � s c h ( 7 6 ) o u t  1 i n  e d h ow t o  m e  a s u r e r i n d 
th i .�k n e s s  w i th a m i c r om e t e r . A h i g h  c o r r el a t i o n  betw e e n 
r i nd th i ck n e s s  a nd c r u s h i n g s t r e n gth e x i s t s  ( 35 , 57 , 6 2 ) . It 
w a s  s u g g e s t ed th a t  r i n d th i c kn e s s  da ta m i g ht s u b st i t ut e  f o r  
th e m o r e  l a b o r  i nt e n s i v e  c r u s h i n g  str e n g t h  m e a s u r em ent 
b e c a u s e  of a h i g h c o r r el a ti o n  of 0 . 87 ( 73 ) . 
S p e c i f i c g r a v i ty of  s t em s e ct i o n s  c a n b e  a s s e s s ed 
i nde p e n d e nt o f  l odg i n g . It w a s  s i g n i f i c a n t l y  c o r r el a t ed 
w i t h s t a l k l od g i n g ,  s t a l k r o t r a ti n g s ,  c r u s h i n g st r e n g t h ,  
r i nd t h i c kn e s s  a nd r i nd p u n ct u r e  r a t i ng (64) . 
Gain from Selection 
A s i g n i f i cant r el a t i o n shi p b etw e e n  phy s i c a l  s t a l k 
t r a i t s  o f  i n b r ed l i n e s  a nd r e s i s t a n c e  t o  sta l k l od g i n g i n  
hy b r id c om b i n a t i o n s  e x i s t s  ( 5 9) .  R ecu r r e n t  s e l e c t i o n t o  
i n c r e a s e sta l k r i nd t h i ckn e s s  i n  a sy n t h e t i c p o p u l a t i o n o f  
m a i z e w a s  a s s o c i a t e d  w i t h  a de c r e a s e i n  l od g i n g (1 4) . Z u b e r  
( 7 1 )  s u c c e s s f ul l y u p g r aded s t a l k  q u a l i ty w i t h a r e c u r r e n t  
s e l e c t i on s c h em e  u s i n g s t a l k  c r u sh i n g str e n g t h  a s  th e 
s e l e c t i o n c r i t e r i a . R i nd t h i ckn e s s  a nd r i nd p u n c t u r e v a l u e s 
i n c r ea s ed w h i l e a sl i gh t  r edu c t i o n  i n  s t a l k l od g i n g w a s  
n ot e d . 
J i n a hy o n a nd R u s s e l l ( 2 5 )  a c h i e v e d  s i g n i f i c a n t  
i m p r ove m e n t  o f  s t a l k r o t r e s i s t a n c e  a f t e r  t h r e e cy c l e s  of 
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r e c u r r e nt s el e c t i o n  i n  th e o p e n  p o l l i n a ted va r i ety 
L a n c a ste r . They u s ed a rti f i c i a l i noc u l a t i o n  w i th D.il21Qdi.a 
m�di� a nd i m p r o v ed sta l k r ot r e s i sta n c e  by 0. 7 p e r  cy c l e 
o n  a s c a 1 e f r om to 6 • B e c a u s e  o f  m a i n 1 y a dd i t i v e t y p e 
g e n e  a ctio n th e a ut h o r s  c o n cl uded th a t  f u r th e r  p r o g r e s s  
s h o ul d  b e  p o s s i bl e .  Ma rti n a nd R u s s e l l (37 ) s u g g e sted 
r e c u r r e nt s e l e ct i o n  f o r  r i nd str e n gth a nd a rt i f i c i a l sta l k 
r ot r e s i st a n c e  s i m ul ta n e o u sl y  a s  a m eth od t o  i m p r o v e  f i el d  
q u a l i ty o f  p o p u l a t i on s to b e  u s ed f o r  i n b r ed de vel o pm e nt . 
S e l e ct i o n  f o r  l odg i ng r e s i sta n c e  i n  s e ve n cy cl e s  
r edu c ed y i e l d  s i g n i f i c a ntl y a l th o u g h  th e r edu ct i o n  w a s  
m i n i m i z ed i n  hy b r i d  c om b i n ati on s  w i t h u n r e l · a ted te ste r s  
( 6 6 ) . T h om p s o n  the r e f o r e c o n cl uded th a t  i m p r o v eme nt i n  
l odg i n g  r e s i sta n c e  s h o ul d  n ot l i m i t p r o g r e s s  f o r  i n c r e a s e s  
i n  y i el d . Ma s s  s e l e c t i o n  w a s  s u g g e sted a s  th e m o st 
e f f i c i e nt m eth od to i m p r o v e  di s e a s e  r e s i sta n c e  i n cl udi n g  
sta l k r ot r e s i sta n c e  i n  --tw o po p u l a t i on s ( 40). I f  a n  
adeq u a te p o p u l a t i o n  s i z e w a s  m a i nta i n ed i m p r o vem e nt woul d 
not a f f e ct y i e l d  p ot e nti a l . D e vey a nd R u s s e l l  ( 15) o n  th e 
oth e r  h a nd n oted a n  a nta g o n i sm betw e e n  h i g h y i el d  a nd good 
sta l k q u a l i ty .  S u bsta nt i a l y i el d  l o s s  w a s  a l s o  obs e r v ed by 
Ma rti n a nd R u s s e l l  (3 8 )  i n  a r e c u r r e nt s e l e ct i o n  s c h em e  for 
sta l k  q u a l i ty i n  a m a i z e sy nth e t i c . T h e a uth o r s  th e r efor e 
s u g g e sted to p r a ct i c e  m i l d  s e l e ct i on for y i el d  w h e n  a 
po p u l a t i o n  i m p r ovem e nt p r o g r a m for sta l k  q u a l i ty i s  
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condu c t ed .  
Genetics of Maize 
Know l e d g e  o f  t h e  ty p e  a n d m a g n i t ude o f  g e n e  a c t i o n 
i s  i m po r t a n t  t o  t h e  pl a n t  b r e ede r s i n c e  i t  de t e r m i ne s t h e 
e f f i c i ency o f  a b r e ed i n g  p r o g r a m . M a t i ng de s i g n s  h a v e  b e e n  
p r o po s ed b y  C o m s to c k a nd Ro b i n s o n  ( 1 1 )  a nd u s e d e x t e n s i v e l y  
t o  e s t i m a t e t h e  k i nd a n d r el a t i v e· i m po r t a n c e  o f  g e n e t i c  
v a r i a t i on i n  c o rn p o p u l a t i o n s . T h e s e  de s i gn s i n c l u d e  
pr o g e n i e s  t h a t i n v o l v e  r el a t i o n s h i p s amo n g  r e l a t i v e s  h a v i n g  
k now n g e n e t i c com p o n e n t s  o f  v a r i anc e . G e n e r a l l y , g e n e t i c  
v a r i a b i l i ty o f  t r a i t s i n  co r n  i s  d u e  l a r g e l y  t o  a ddi t i v e  
g e n e t i c  v a r i a n c e  ( 2 2 ,  3 2 , 5 1 ) .  S e n t z  ( 5 4 )  e s t i m a t e d  g e n e t i c  
v a r i a n c e s i n  a · sy n t h e t i c v a r i e ty f rom D e s i g n I a n d I I  
m a t  i n g s . Add i t i v e g e n e t  i c v a r i a n  c e w a s  s i  g n i f i c a n t a n d o f  
pr i m a ry i m po r t a n c e  f o r  a l l t r a i t s . Dom i n a n c e  v a r i an c e  
a c co u n t e d  f o r  4 5  % o f  t h e g e n e t i c  v a r i a n c e  i n  y i el d , b u t  
w a s  un i m p o r t a n t  f o r  o t h e r  t r a i t s .  Add i t i v e  g e n e tic v a r i a n c e  
w a s  t h e  m a jor p o r t i o n o f  g e n o ty p i c v a r i an c e  for y i el d  a n d 
y i e l d c om po n e n t s i n  t h e  o pe n  p o l l i n a t e d  v a r i e ty R e i d  Y el l ow 
D ent ( 7 0 ) . 
S i gn i f i c a n t d i f f e r e n c e s  a m o n g  p r o g e n i e s  o f  l o d g i n g 
r e s i s t a n t  a n d s u s c e p t i b l e c o r n  i n b r e d l i n e s  w e r e  f oun d f o r 
r i n d t h i c kn e s s  a n d c r u s h i n g s t r e n g t h  ( 3 5 ) . S p e c i f i c 
com b i n i n g a b i l i ty w a s  o f  g r e a t e r  i m p o r t a n c e  t h a n  g e n e r a l  
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c om b i n i n g a b i l i ty i n  t h i s  o n e y e a r  s t udy . I n  a di a l l el 
a n a l y si s o f  ·12 i n b r ed 1 i n e s  of co r n ,  a dd i t i v e  g e n e t i c  
v a r i a t i o n c o n s t i t u t ed t h e  m ajo r  p r o p o r ti o n  o f  g e n e t i c 
v a r i a t i o n fo r r i nd thi c k n e s s ,  s t a l k  l od g i n g � c r u s h i n g  
s t r e n g t h a nd t h e  l a r g e  s t a l k d i am e t e r  (33 ) . Br o a d  s e n s e  
h e r i t a b i l i ty e s t i m a t e s  fo r th e s t a l k q u a l i ty t r a i t s w e r e  
l ow .  R o b i n s o n  e t  a l . ( 4 9 )  fo u nd h i g h h e r i t a b i l i t e s  fo r e a r  
h e i g h t  w h e r e a s y i el d  h ad l ow e r h e r i t a b i l i ty v al u e s . 
S t a l k r o t  r e s i s t a n c e  h a s  b e e n  r e p o r t ed t o  b e  
i n h e r i t ed i n  a q u a n t i t a t i v e  m a n n e r  ( 6 0 ) . H i g h l y s i g n i f i c a n t  
di ff e r e n c e s  a m o n g  i n b r ed l i n e s  w e r e  o b s e r v ed fo r s t a l k r o t 
r e s i s t a n c e  (52). Add i t i v e  ty pe of g e n e  a c t i o n i s  of g r e a t e r  
impo r t a n c e  t h e n  .n o n - add i t i v e  fo r D i  pl o d  i a s t a l k  r o t 
r e s i s t a n c e  w i t h m edi um t o  h i gh h e r i t a b i l i ty v a l u e s  (25). 
G e n e r a t i o n m e a n a n a l y s i s w a s  u s ed by K a p p e l m a n e t  a l . ,  (28) 
to dete c t  ty p e s  o f  g e n e  a c t i o n fo r D i pl od i a s t a l k r o t  
r e s i s t a n c e  i n  e i g h t  m a i z e  po p ul a t i o n s .  Addi t i v e  g e n e  
e f fe c t s  w e r e  s i g n i f i c a n t  i n  a l l po p u l a t i o n s . 
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MATERIALS AND METHODS 
T he S o uth D a k ota pl a nt p a th ol o gy ( SDPP S ) m a i ze 
sy nth et i c ,  sy nth e s i zed by J o h n  J e n i s o n  f o r  sta l k  a nd r o o t  
c h a r a ct e r i st i c s ,  w a s  u s ed i n  th i s  study . A N o r th C a r ol i n a 
D e s i g n I· m at i n g  s c h em e  w a s  em pl oy ed w h e r e f i f ty pl a n t s  
de s i g n a te d  a s  m ale s w e r e  m ated t o  di f f e r e nt s et s  o f  f o u r  
f em al e pl a n t s  e a c h, p r odu c i n g 20 0 f a m i l i e s . S e ed o f  e a c h  
f a m i l y  w a s  i n c r e a s ed by r a ndoml y s i b b i n g  w i t h i n  e a c h  
f a  m i 1 y • T h e 2 0 0 f a  m i 1 i e s w e r e g r ow n i n 1 9 8 6 a n d 1 9 8 '7 i n a 
r a ndom ized c om pl e te bl o c k  de s i g n w i t h tw o r e pl i c a t i o n s  p e r  
l o c a ti o n .  
I n  1 986 , tw o e x p e r i m e nt s  w e r e  pl a nte d o n  M a y  1 7  
o n  th e S D SU A g r o n omy F a rm n e a r Au r o r a ,  SD a n d o n  May  2 0  
s o u th o f  B r o o k i n g s ,  S D  ( Sa ndp i t ) ,  r e s p e ct i vel y . Sin gl e r ow 
pl o t s  o f  e a c h  f a m i l y  w e r e 9 . 6 a n d 8 . 1  m l o n g ,  s p a c ed 0 .  9 m 
a p a r t . Pl ot s w e r e  o v e r pl a nt e d  a nd th i n n ed ,  i f  n e c e s s a ry ,  to 
a p o p  ul a t i o n  o f  5 3 , 8 0 0 p 1 a n t s p e r  h e c t a r e t o  · o b t a i n eq u a 1 
pl a nt s pa c i n g .  I n 1 987 o n e  e x p e r i m e n t  w a s  pl a nted o n  A p r i l  
2 8  a t  th e S DSU Pl a nt Pa t h ol o g y  F a r m  a nd th e o t h e r  
e x p e r i m e nt o n  A p r i l 2 9  s o u t h  of  Br o o k i n g s  ( S a n d p i t ) . A t  
b o t h  1 o c a t i o n  s ,  th e s i n g 1 e r ow p 1 o t s m e  a s u r  e d 9 • 6 m i n 
l e n g th w i th r ow s  0 . 9 m a pa r t .  A f te r  th i n n i ng , a pl a n t  
po p u l a ti o n o f  4 5 , 2 0 0 pl a nt s  p e r  h e c ta r e  w a s  o b ta i n e d . Th e 
Hll TON M. BRIGGS LIBRARY South Dakota State University 
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so i l s i n  e x p e r i m en t a l  plo t s w e r e  c la s s i f i e d a s  a n  E s t e l l i ne 
s i l t l o a m  ( Pac h i c  U d i c  H a plo boroll ) a t  t h e A g r o n omy Fa r m ,  
a s  a R e n s h aw s a n dy l o a m  ( U d i c  H a pl o b o rol l )  so u t h  o f  
B r oo k i n g s  ( S a n d p i t ) ,  and· a s  a V i enna s i l t ·lo a m  ( U d i c  
H a pl o bo r oll ) a t  the Pl a n t  Pa t h o l o gy F a rm . 
E x p e r i m e n t a l  plo t s  w e r e  f e r t i l i z e d  w i th 100 k g  h a - 1 N ,  
22 k g  h a - 1 P ,  a nd· 22 kg h a- 1 K in t h e  s p r i n g e x c e p t th e 
e x p e r i m ent i n  A u r o r a  i n  1 9 86 w h i c h  d i d  n o t  r e c e i v e  
f e r t il i z e r . T h e c o r n  plo t s w e r e  pla n t e d  a f t e r  s oy b e a n s  a t  
t h e  Ag r o n o my F a r m  i n  1 9 86 , s unflow e r s i n  a t  th e Pla n t  
P a t holo gy F a rm i n  1 9 87  a n d a f t e r f allow s o u t h  o f  Br o o k i n g s  
f o r  bo t h  y e a r s. T i lla g e  co n s i s t e d  o f  pl ow i n g  · a n d d i s k i n g . 
C h em i c a l  w e e d c o n t r ol w a s  c a r r i e d o u t w i t h 0 . 6 k g  h a - 1 
- 1 a l a c hlo r a nd 1 . 1  k g  h a  cy a n a z  i n e  i n  b o t h  l o c a t i o n s  a n d 
y e a r s . 
Tw el v e  pl a n t s p e r plo t a t  t h e Ag r o n omy Fa r m in 1 9 86 
and Pl a n t  P a thol o gy Fa r m  i n  1 9 87 w e r e a r t i f i c i ally 
i no c ula t e d  w i t h .a s p o r e  s u s p e n s i o n o f  lli��Qdia maydis 
( Be r k. )  S a c c . (200,000 s po r e s / ml ) o n e  w e e k  a f t e r f l ow e r i n g . 
Two m l  o f  t h e  s po r e  s u s pe n s i o n w e r e  i n j e c t e d  i n t o  t h e  
c e n t e r  o f  the s e cond i n t e r n o d e  a bo v e t h e  b r a c e  r o o t s us i n g 
a 50 ml Va c o  p i s t ol g r i p  sy r i n g e . F o u r  w e e k s  la t e r  th e 
i n o c ula t e d  pla n t s  w e r e  c u t  a bo v e t h e  i n o cula t e d  i n t e r n o d e  
a n d s pl i t  t o  g r oun d l e v el . lliLliQQ.ia maydis r e a c t i o n  wa s 
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r e co r d e d  o n  1 0  pl a n t s by t h e  a mo u n t  of d i s co l o r a t i o n  o f  t h e 
i no c ul a t e d  i nte r no d e  on a s c a l e . f rom . 1 to 6 : 
-· 0 - 2 5  % 
2 = 26 - 5 0  % 
3 = 5 1  7 5  % 
4 = 7 6  - 1 00 % 
5 = d i s colo r a t i on b ey ond i no c u l a t e d  i n t e r no d e  
6 = p r em a t u r e d e a t h o f  t h e  pl a n t  
E a r h e i g h t  o f  1 0  p l a n t s  p e r pl o t  w a s  r e co r d e d  a t  th e 
lo c a t i on s  m e n t i o n e d  a bo v e a s  t h e  d i s tanc e f rom t h e  g r o u n d  
t o  t h e  e a r - b e a r i n g no d e  i n  m e t e r s. R i n d  p u n c t u r e  r e s i s ta n c e  
m e  a s  u r  em ent s w e r e  ma d e  w i t h a r i nd p e n e t rom e t e r  eq u i p p e d  
w i t h a D i ll o n  fo r c e  g a u g e. Th e c e n t e r  o f  t h e t h i r d 
i n t e r node a bo v e  the b r a c e  r oo t s  w a s  p un c t u r e d on 1 0  pl a n t s  
pe r pl o t  a nd t h e  r e s i s t a n c e  r e co r d e d i n  k g . 
S t alk q u a l i ty c h a rac t e r i s t i c s  w e r e  d e t e r m i n e d  a t  
a ll lo c a t i o n s  a n d  i n  bo t h  y e a r s  o n  5 s tal k s  p e r plo t. 
S t a lk s  w e r e  h a r v e s t e d  a t  m a t u r i ty by c u t t i n g at t h e g r o u n d  
l e v e l  a nd a t  t h e e a r - b e a r i n g no d e. Th e s talk s w e r e  a i r 
d r i e d a n d t h e  fal l ow i n g s t a lk t r a i t s  d e t e r m i n e d  o n  th e 
s e co n d i n t e r no d e  o r  no d e  abo v e t h e  b r a c e  r oo t s :  
( 1 ) R i n d t h i c kn e s s  ( mm ) : M e a s u r e d w i t h m i c r om e t e r  
cal i p e r  af t e r  r em o v al of the p i t h. 
( 2 ) No d a l  pla t e  t h i c k n e s s  ( mm ) : M ea s u r e d w i th a 
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v e r n i e r  c a l i p e r  o n  s pl i t  s t a lk s . 
( 3 ) S t alk c ro s s- s e c t i o n a l  a r e a ( mm
2 ) :  T h e  m aj o r  a n d 
m i no r  . d i a m e t e r  o f  t h e  s t a lk w e r e  m e a su r ed, and 
t h e  c r o s s - s e c t i o n a l  a r ea a p p r o x i m a t e d  u s i n g t h e  
fo r mula f o r the a r ei o f  a n  e ll i p s e . 
(4) In t e r no d e  l e n g t h  ( mm ) : M e a sur e d  w i t h r ul e r . 
S t a lk lo dg i n g  w a s  d e t e r m i n e d  a s  t h e  pe r c e n t of 
s t a l k s  b r o k e n b e low t h e  u p p e r mo s t  e a r  pr i o r  to h a r v e s t : 
c·num b e r  o f  lo d g e d  pla n t s  to t a l/ pla n t s  p e r  plo t ) x10 0 
Th e  plo t s w e r e  h a r v e s t e d  w i t h a plo t com b i n e a n d t h e  g r a i n  
y i eld e x p r e s s e d  i n  M g  h a - 1 a t  1 5 . 5 % mo i stu r e .  Gr a i n  
m o i s t u r e w a s d e  t e r m  i n e d  w i t h a p o r  t a b 1 e g r ·a i n m o i s t u  r e 
m e t e r . 
A· s e pa r a t e  a n a ly s i s  o f  va r i a n c e  w a s c a r r i e d  ou t for 
e a c h  e xpe r i m e n t  a n d fo r the y ea r s  1 9 86 a n d 1 987 . A com b i n e d 
a na ly s i s  o f  v a r i a n c e  a n d co v a r i an c e w a s  c a r r i e d o ut a s  
out l i n e d  i n  T a bl e  1 .  S i m pl e  r e g r e s s i o n  a n a ly s i s  w a s  
per fo rm e d f o r  g r a i n  y i eld o n  t h e  num b e r  o f  pl� n t s  p e r  plot 
i n  all e x p e r i m e n t s .  G r a i n  y i eld w a s  fo u n d  to b e  d e p e n d e nt 
o n  pla n t  s t a n d ,  t h e r e f o r e g r a i n  y i el d  w a s  a dj u s t e d  p r i o r  to 
a n aly s i s  u s i n g t h e  follow i n g eq uati o n : 
Y' = Y - b (X - �) 
w h er e Y • = a d j u ste d y i eld ; Y = o b s e r v e d  y i el d ; b = 
r e g r e s s i on co e f f i c i e n t  of y i eld o n  sta n d ; a n d  (X - �) = 
TABLE 1 : Form of the analysis of variance and covariance with m males, f females, and r 
replications in e environments. 
Source of 
variation 
-----------------
Total 
Environments 
Reps/E 
Males 
Females/males 
lv1ales x E 
Females/males x E 
Error 
Mean Degrees of 
freedom squares Expected mean squares or Expected mean cross products 
------------
(rmfe-1) 
(e-1) 
e(r-1) 
(rn-1 ) MS5 
m(f-1) MS4 
(rn-1)(e-1) MS3 
m(f-1)(e-1) MS2 
e(r-1)(n�-1) MS1 
2 6 e.· lJ 
2 6 e . .  lJ 
2 6 e.· lJ 
2 6 e.· lJ 
2 o e.· 
lJ 
2 
+ ro f/mxe . .  lJ 
2 
+ r6 f/mxeij 
2 
+ r6 f/mxe . . lJ 
2 
+ r6 f/mxe . . 
lJ 
2 
+ rfo mxe . .  lJ 
2 
+ re6 f/m .. lJ . 
2 
+ rf6 mxe .. lJ 
+ ref62r /m. . + rer62m .. lJ . lJ 
additive genetic variance (i=j) or additive genetic covariance (iij) : o2A = 4 x 62m . . lJ 
dominance genetic variance (i=j) : 62D = 4 x (62f/m .. - 62m .. ); and h2 = 62A I 62P lJ lJ 
1-' 
...... 
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d e v i a t i on o f  n um b e r  of  pl ant s i n  the pl o t  f r om t h e  o v e r a l l 
a v e r a g e  n u m ber o f  pl ant s p e r pl ot . 
D a t a  f rom m i s s i n g  pl o t s  wa s e s t i ma t e d  by u s i n g  t h e  
v al u e o f  t h e  a l t e rna t e  r e pl i ca t i o n . On e d e g r e e  · or f r e e d om 
w a s  s u b t r ac t e d  f o r  the d e g r e e s  of f r e e d o m f o r  to tal a n d 
e r r o r  fo r e a ch mi s s i n g pl o t . 
The m a l e a nd f em a l e/mal e m ean s q u a r e s o r  m ean 
cro s s p r o d u c t s w e r e u s e d  t o  c a lc ul a t e g e no ty p i c o r  
ph e noty p i c v a r i an c e s. a n d c o v a r i anc e s , r e s p e c t i v ely . 
N a r row s en s e  he r i t a b i 1 i t i e s . w e r e  c a 1 c u 1 a t e d o n  a fa m i 1 y 
m e a n b a s i s  a s  t h e  r a t i o  o f  ad d i t i v e  g e n e t i c  v a r i an c e  to 
phe n o ty p i c  v ar i anc e . S t anda r d  e r ro r s o f  �d d i t i v e  o r  
dom i n a nc e g en e t i c va r i an c e  a n d  h e r i ta b i l i ty we r e  e s t i ma t e d  
u s i ng t h e  f o r m ul a d e s c r i b e d  by Lo t h r o p  e t  a l . ( 36 ) . 
Th e a d d i t i v e com ponent o f  c o v ar i an c e  f o r  two 
t ra i t s  m e a s u r e d  i n  d i f f e r e n t  e x p e r i m e n t s wa s e s t i ma t e d  
b y  poo l e d ,  co r r e c t e d s um s  o f  c r o s s  p r o d u c t s  o f  o b s e r v e d 
f a m i l y  m e a n s  d i v i d e d  by f a m i l y  d e g r e e s  o f  f r e e dom . Th e 
e x p e c t e d  c o v ar i anc e o f  o b s e r v e d fam i l y  m ea n s d u e  to 
common env i ro n m e n tal e f f e c t s  i s  z e r o  a s  n o t e d  by K em ptho r n e  
( 2 9 )  • 
G en e t i c co r r el a t i o n s  w e r e  cal cul a t e d  for 
al l p o s s i b l e  com b i nat i on s  two t ra i t s  u s i n g the 
f o l low i ng f o r m ul a: 
r = 62 A I g xy 
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w h e r e  62A = t h e  a d d i t i v e g e n e t i c c o v a r i an c e b e tw e e n t r ai t  x y  
x a n d y ,  62 A = e s t i m a t e  o f  a d d i t i v e  g e n e ti c  v ar i a n c e  f o r  
X 
t r a i t x , a n d  6 2 A = e s t i m a t e o f  a d d  i t i v e g e n e t  i c v a r i a n c e y . 
f o r  t r a i t  y .  
Ph e n o ty pic c o r r el a t i o n s  w e r e  c a l c u l a t e d  s i m i l a r l y  
u s i n g  p h eno ty p i c  c o v a r i a n c e s a n d v a r i a n c e s .  A p o o l ed 
e s t i m a t e  o f  g e n e t i c  a n d ph e n o ty p i c c o v a r i a n c e s w a s  u s e d  f o r  
t r a i t s m e a su r e d  i n  d i f f e r e n t . e n v ir o nm e n t s . E s t i m a t e s  o f  t h e  
v a r i a n c e  o f  g e n e tic c o r r el a t i o n c o e f f i c i e n t s  w e r e  
c a l cul a t e d  by th e m e t h o d  o f  T a l l i s  ( 6 1 ) ,  a nd d e g r e e s  of 
f r e e d om e s t i m a t e d  .as o u t l i n e d  by  G ay l o r a n d H o p p e r  ( 2 0 ) . 
H e r i t a b i l i t i e s  a n d g e n e t i c  c o r r el a t i o n e s t i m a t e s  w e r e  
c o n s i d e r e d  s i g n i fic a n t  i f  t h e i r a b s o l u t e  v a l u e  e x c e e d e d  
tw i c e  t h e i r s t a n d a r d  e r r o r . 
R e g r e s s i o n a n a l y s i s  t o  d e t e r m i n e t h e  c o n t r i b u tio n o f  
pl a n t a n d s t a l k  c h a r a c t e r s t o  s t a l k  l o d g i n g . w a s  c a r r i e d 
o u t . The R - sq u a r e  pr o c e d u r e  ( SAS, Ca ry , NC)  w a s  u s e d  t o  
e v a l ua t e  t h e  e f f e c t  o f  e a c h  tr a i t  s e pa r a t e l y , th e i r 
q u a d r a t i c r e s p o n s e s a n d a l l p o s s i bl e i n t e r a c t i o n s  b e tw e e n  
pa i r s o f  tw o t r a i t s  c o m b i n e d  f o r  a l l l o c a t i o n s  a n d y e a r s . 
Th e f i v e  t r a i t s g i v i n g t h e  h i g h e s t  c o e f f i c i e n t s  of  
d e t e rm i n a t i o n ,  t h e i r q u a d r a t i c  f o r m ,  a n d  t h e i r i n t e r a c t i o n s  
2 0  
w e r e  u s e d  i n  s t e pw i s e ( S AS , Ca ry , NC) r e g r e s s i o n a n a l y s i s  
t o  s el e c t  t h e-b e s t  m o d el f o r  p r e d i c t i o n o f  s t a l k l o d g i n g . 
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RESULTS 
M e a n s ,  r a n g e s  a n d c o e f f i c i e n t s o f  v a � i a t i o n o f  
SD P PS f a m i l y  m e a n s  ( T a bl e  2 )  d em o n s t r a t e  SD P PS c o n t a i n s  
l a r g e  a m o u n t s  o f  va r i a b i l i ty f o r  a l l t r a i t s . T h e m e a n s  f r om 
b o t h  y ea r s  a r e  in  g o o d  a g r e em e n t f o r  r i nd s t r e n g t h ,  r i nd 
t h i c kn e s s , n o d a l  pl a t e t h i c k n e s s ,  D i pl o d i a s t a lk r o t s c o r e  
a n d  g r ain y i el d .  I n  1 9 87 ,  e a r h eig h t  w a s  i n c r ea s e d  w h e r e a s 
i n t e r n o d e  1 e n g t h w a s  d e c r e a s e d . T h e  1 a r g e r  s t a l k  a r e a  i n  
1 9 87 w a s  p r o b a b l y  d u e  t o  t h e  l ow e r pl a n t  p o p ul a t i o n u s e d  i n  
t h a t y e a r . S t a l k l o d g i n g  w a s  a b o u t tw i c e  a s  h i g h i n  19 87 a s  
i n  19 86 . T h e 1 9 87 s e a s o n  w a s  ve ry f a vo r a bl e f o r  th e 
d evel o pm e n t  o f  a l a r g e  p o t e n t i al g r a i n  s i n k e a r l y  i n  th e 
g r ow i ng s e a s o n  b u t  m o i s t u r e s t r e s s  d u r i n g g r a i n  f i l l i n g in 
A u g u s t  p r o b a b l y  c a u s e d  t h e  a c c el e r a t e d  t r a n s l o c a t i o n o f  
c a r b o hy d r a t e s  o u t  of t h e  s t a l k ,  th e r e by i n c r e a s i n g t h e i r 
s u s c e p t i b i l i ty t o  s t a l k r o t  o r g a n i sm s  a n d s u b s eq u e n t s t a l k 
l odg i n g . G r a i n  m o i s t u r e a t  h a rve s t  w a s  l ow e r i n  1 987 w h ich 
c a n  b e  e x p l a i n e d  by t h e  e a r l i e r pl a n t i n g  d a t e  a n d a d ry 
f a l l . 
F - t e s t s  o f  f a m i l y  m e a n  sq ua r e s w e r e  s i g n i f ica n t  a t  
t h e  0 . 0 1  p r o b a bil i ty l evel f o r  ea c h  t r a i t  i n  t h e  c om b i n e d 
a n a l y sis o f  va r i a n c e  ( A p pe n d i x A ) . T h i s  i n d ic a t e s  th a t  
g e n e t i c  va r i a b i l i ty e x i s t s  a m o n g t h e  f a m i l i e s f o r  th e 
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TABLE 2 Means, ranges . and coeffici ents of variati on ( CV )  of plant a nd 
stalk traits of SDPPS famil i es grown in 1 986 and 1 9f57 . 
Year 1 986 Year 1 987 
------ ---------------------------- ----------------------------
· Tra i t# Mean Range OJ. Mean Range cv 
------ ----- ------------- -------------
RST 4 .5 3 . 0 - 6 .6 1 2 .4 4 . 2 3 . 8 - 4 .9 4 .6 
RT 1 . 3 1 .o - . 1 .6 8 . 2  1 . 3  1 • 1 - 1 .6 6 . 4 
NT 4 .2 3 . 4 - 5 .2 r-( . 5  4 . 1  3 . 3 - 5 . 2 7 .7 
SA 354 . 0  25 0 . 1  - 496 .2 1 1  . 4  402 .4 2 gr • 1 - 57 5 • 7 1 0 . 1  
IL 1 22.9 1 01 . 6 -147 . 1  7 . 8  9 8 . 8  72 . 1  - 1 22 .9 9 . 3  
DIP 3 .6 2 . 1 - 4 .6 1 1  . 4  3 . 7 2 . 2 - 4 . 9 1 3 . 0 
EHT 76 . 9  55 . 8  - 96 . 7 9 . 0 90 .5 77 . 4 - 1 04 . 2 5 .5 
SL 1 3 .6 0 - 3 8 . 1 59.6 25 . 8  6 . 7 - 55 . 8  42 .l  
MST 23 .6 19 . 5  - 30 .2  8 . 2 1 9 .6 1 6 . 9' - 22 .4 5 . 4 
YLD 5 . 1 3 . 0 - 9 . 1  20 .6 5 .2 2 . 7 - 1 2 .5 22 . 8  
11 RST = Ri nd strength ( kg) ,  RT = Ri nd thickness (mm) , NT = Nodal pl ate 
thickness ( mm) ,  SA= Stalk cross-sectional area Cmm2) ,  IL = Internode 
length ( mm ) ,  DIP = Diplodi a  stal k rot mea sured on a 1 to 6 scal e with 
1 as most r esi stant, EHT = Ea r hei ght ( em ) , SL = Stalk l odgi ng ( %), 
-
- 1 MST = G ra in moi sture ( % ) , YLD = G ra i n  Yi el d  ( tv1g ha ) . 
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t r a i t s  m e a s u r e d . 
E s t i m a t e s  o f  a d d i t i ve g en e t i c  va r i a n c e  w e r e  
s i g n i f i Ga n t  f o r  a l l t r � i t s  i n  b o t h  y e a r s  f o r  SD PPS 
( A p pe n d i x  B )  e xc e p t  r i n d s t r e n g t h  i n  1 9 86 .  E s t i m a t e s  w e r e  
·h i gh e r i n  1 9 86 f o r  r i n d s t r e n g th, r i n d t h i c k n e s s ,  i n t e r n o d e  
l eng t h ,  D i pl o d . i a s t a l k r o t s c o r e ,  e a r  h e i g h t  a n d g r a i n  
m o i s t u r e .  E n v i r o nm e n tal va r i a n c e  e s t i m a t e s  w e r e  h i g h e r  i n  
1 9 86 t h a n  1 9 87 f o r  a l l t r a i t s e x c e p t n o d a l  pl a t e t h i c k n e s s ,  
D i pl o d i a  s t a l k r o t  s c o r e  a n d g r a i n  y i el d .  T h e  h i g h e s t i m a t e  
o f  a d d  i t i v e g e n e t i c v a r i. a n  c e a n d 1 ow e s t  i m a t e o f  
e nv i r o nm e n t a l  va r i a n c e  i n  1 9 86 r e s ul t e d  i n  a l a r g er 
h e r i t a b i l i ty e s t i m a t e i n  19 86 th a n  1 9 87 f o r  D f pl o d i a  s t a l k  
r o t  s c o r e .  A d d i t i ve g e n e t i c  a n d e nv i r o nm e n t a l  v a r i a n c e  
e s t i m a t e s  f o r  n o d a l  pl a t e  t h i c kn e s s  i n c r e a s e d  f r om 1986 t o  
1 987 r e s u l t i n g i n  a l a r g e r  h e r i t a b i l i ty e s t i m a t e i n  1 9 87 .  
E s t i m a t e s  o f  n a r r ow s e n s e  h e r i ta b i l i t i e s w e r e s i g n i f i c a n t  
w h e n c o m pa r e d t o  t h e i r r e s p � c t i ve s t a n d a r d  e r r o r s . H ow e v e r ,  
i n  1 9 86 t h e  h e r i t a b i l i ty e s t i m a t e  f o r  r i n d s t r e n g t h  w h i c h 
a l s o  s h ow e d  a n o n s i g n i f i c a n t a d d i t i ve g e n e t i c  v ar i ance 
e s t i m a t e w a s  n o t  s i g n i f i c a n t . In g e n e r a l , h e r i t a b i l i ty 
e s t i m a t e s  o f  m o s t  t r a i t s  w e r e  l a r g e r  i n  1 986 t h a n  1987. Ea r 
h e i g h t  a n d D i pl o d i a  s t a l k r o t  s c o r e  s h ow e d t h e  h i g h e s t  
h e r i t a b i l i ty e s t i m a t e s  i n  b o t h  y e a r s  ( A p p e n d i x  B ) . 
Po oled a d d i t i ve g e n e t i c v a r i an c e  a n d h e r i ta b i l i ty 
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Tabl e 3 Pool ed estimates of additi ve genetic v ar iance (�A), 
dominance genet i c  var iance (620 ) , env ironmental var i ance 
(62E ) ,  and her itabil ity ( h2 ) of pl ant a nd stalk · tra i t s  in  
SDPPS . 
· Tra i  ttl 62A±SE 62D±SE 62E h2±SE 
------ -------------------- ----------------- -------- ----------
RST . 0 . 06 1 3± 0 . 041 8 0 . 0739± 0 . 0555 0 . 0667 0 . 30±0 . 20 
RT 0 . 0084± 0 .0027 + 0 * 0 . 0 049 0 . 63±0 . 23 + 
N1' 0 . 1335± 0 . 0365 + 0 * 0 . 0 4 83 0 . 73±0 .20 + 
SA 1 353 . 0536±480 . 7 357 + 342 .6864±604 .4960 679 .1590 0 .57 ±0 .20 + 
IL 88 . 81 84± 27 . 7 400 + 0 * 4 8 . 2 1 37 0 . 65±0 .20 + 
DIP 0 .11 97 ±  0 . 0 5 1 7 + 0 . 0057 ± 0 . 0742 0 . 1 429 0 .45±0 . 1 9 + 
EHT 0 . 0039± 0 . 00 1 3  + 0 . 0006± 0 . 00 1 5  0 . 0028 0 . 5 4±0 .17 + 
SL 85 .1636± 27 . 2ffi 1 + 1 5 . 8239± 33 . 3 1 47 33 . 9 1 23 0 . 63±0 .20 + 
MST 3 . 0452± 0 . 8739 + 0 * 1 . 3 065 0 .70±0 .20 + 
YLD 1 . 5 27 9±. 0 .4361 + 0 * 0 . 657 2 0 .70±0 . 20 + 
* N ega ti v e  estimate a ssumed to be z ero . 
+ Heritabil ity or var i ance estimates di ffer signi f icantly from z ero as 
i ts absol ute magnitude exceeded tw ice its standa rd error. 
# RST = Ri nd strength ( kg ) , RT = Rind thickness ( mm), NT = Nodal pl ate 
thickness ( mm) , SA = Stal k cross-secti onal area Cmm2), IL = Internode 
l ength ( mm) , DI P = Di pl odi a stalk rot measured on a 1 to 6 scal e w ith 
1 as most r esi stant, EHT = Ear height ( m), SL = Stal k l odgi ng ( %), 
MST = G r a i n  moi sture ( % ) , YLD = G rain Yiel d  ( Mg ha-1 ) .  
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e s t i m a t e s  w e r e  s i g n i f i c a n t  f o r  al l t r a i t s i n  SD PPS exc e p t  
f o r  r i n d s t r e n gth ( T a b l e 3 ) . Th e a d d i t i v e  g e n e t i c v a r i a n c e  
e s t i m a t e  w a s  exc e e d e d  by t h e  d om i n a n c e  g e n e t i c  v a r i a nce 
e s t i m a t e o n l y  i n  t h e  c a�e o f  r i n d s t r e n g t hi a l t h o u gh 
. n e i t h e r  o f  t h e  e s t i m a .t e s  w a s  s i g n i f i c a n t l y d i f f e r e n t  f r om 
z e r o . T h e e n v i r o n m e n t a l  v a r i a n c e  e st i m a t e s  w e r e  l a r g e r  t h a n  
t h e  a d d i t i v e  g e n e t i c  v a r i a n c e  e s t i m a t e s  f o r  a l l t r a i t s 
exc e p t  r i n d s t r e n gth a n d D i pl o d i a  s t a l k r o t sco r e . 
How e v e r ,  f o r  n o n e  o f  th e t r a i t s  i n c l u d i n g  r i n d s t r e n g t h  d i d  
t h e  d om i n a n c e  g e n e t i c  v a r i a n c e  e s t i m a t e 
w h e n  c om p a r e d w i t h t h e i r · r e s p e c t i v e  
p r o v e s i g n i f i c a nt 
s t a n d a r d e r r o r s. 
R e s ul t i n g  n e g a t i v e e st i m a t e s  f o r  dom i n a n c e  g e n e t i c  v a r i a nce 
f o r  r i n d th i c k n e s s ,  n o d a l  pl a t e  th i c k n e s s ,  i nte r n o d e  
l e n g t h ,  g r a i n  m o i st u r e  a n d g r a i n  y i el d  w e r e  a s s um e d  to b e  
z e r o. H e r i t a b i l i ty e s t i m a t e s  w e r e  m e d i u rn  t o  h i g h f o r  th e 
s t a l k q u a l i ty c h a r a c t e r i s t i c s  exc e pt r i n d s t r e n gth . 
E s t i m a t e s  o f  n a r r ow s e n s e  h e r i t a b i l i ty w e r e h i g h f o r  g r a i n  
y i el d a n d g r a i n  m o i st u r e  ( 0 . 7 0 ) . Sta l k  l o d g i n g  s h ow e d  a 
h e r i ta b i l i ty e s t i m a t e  o f  0 . 6 3  i n  S D P PS a n d  D i pl o d i a  sta l k  
r o t sco r e  h a d  a n  i nte r m e d i a t e a n d s i g n i f i c a n t  h e r i ta b i l ity 
( 0 . 4 5 ) . 
Po o l e d  e st i m ate s o f  g e n e t i c  c o r r e l ati o n  
co e f f i c i e nt s f o r  t h e  tr a i t s st u d i ed t e n d e d  t o  b e  1 a r g e r  
th a n  c o r r e s p o n d i n g e sti m a te s  o f  p o o l e d  p h e n oty p i c 
co r r e l a ti o n  c o e f f i c i e nts ( T a bl e  4) . G e n e t i c co r r e l ati o n  
Table 4 : Pooled estimates of genetic (above diagonal) and phenotypic (bel ON dia.gonal) 
correlation coefficients between plant and stalk traits in SDPPS. 
Trait# RST RT NT SA IL DIP EHT SL MST YLD 
------ ----- ------- ------ ------ ------ ------- ------- ------- ------- -------
RST 0. 844* 0.254 0.257 0.212 0.455* 0.205 -0-.977* -0.017 -0.195 
RT 0.494 -0.055 0.266 0.015 0 .384* 0.400* -0.5 85* -0.226 0.001 
NT 0.121 0.044 0.041 0.228 0.045 0.015 0.067 -0.199 -0.005 
SA 0.146 0.235 0.110 -0.098 0.463* 0.113 -0.076 -0.089 0 .373* 
IL 0.153 0.010 0.198 -0.047 0.385 0.300 -0.057 -0 .386* -0.003 
DIP 0.063 0.204 -p.020 0.214 0.250 0.5 89• -0.081 -0 .479* -0.332 
EHT 0.304 0.363 0.020 0.190 0.359 0.244 -0.176 0.034 -0.150 
SL -0.508 -0.460 -0.002 -0.022 -0.07 8 -0.005 -0.062 0.113 0.128 
MST -0.028 -0.145 -0.137 0.007 -0.274 -0.355 0.076 0.073 -0.051 
YLD -0.050 0.066 -0.030 0.228 0.023 -0.273 -0.080 0.066 -0.043. 
* Correlation coefficients differ significantly from zero as its absolute magnitude exceeded 
twice its standard error. 
II RST = Rind strength {kg), RT = Rind thickness ( mm) , NT = Nodal plate thickness (men), 
SA = Stalk cross-sectional area (mm2), IL = Internode length (mm), DIP = Diplodia stalk rot 
. 
measured on a 1 to 6 scale with 1 as most resistant, EHT = Ear height (m), SL = Stalk ' 
lodging (% ) ,  MST = Grain moisture (% ) ,  YLD = Grain Yield (Hg ha-1). 
N 
0\ 
c o e f f i c i e n t s ju d g e d  t o  b e  
p o s i t i v e  w e r e  o f  t h e  s a m e  
s i g n i f i c a n t l y  n e g a t i v e 
s i g n a n d  m a g n i tu d e  a s  
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or 
t h e  
c o r r e s p o n d i n g p h e n o ty p i c  c o r r el a t i o n c o e f f i c i e n t s .  
Po s i t i v e  a n d s i g n i f i c a n t  g e n e t i c  c o r r el a t i o n s  w e r e  
pr e s e n t  b e tw e e n  r i n d  t h i c k n e s s  a n d r i n d s tr e n g t h ,  ea r 
h e i g h t  a n d r i nd t h i c k n e s s ,  e a r h e i g h t  a n d D i pl o d i a  s t a l k  
rot s c.o r e , a n d s t a l k  c r o s s - s e c t i o n a l  a r ea a n d g r a i n  y i el d .  
Gr a i n m o i s tu r e w a s  n e g a t i v e l y  a n d  s i g n i f i c a n t l y  c o r r el a t e d  
w i th i n t er n o d e  l e n g t h  a n d D i pl o d i a  s t a l k r o t  s c o r e .  
D i pl o d i a  s t a l k r o t  s c o r e  w as n e g a t i v e l y  c o r r el a t e d  w i th 
g r a i n  y i el d .  H ow e v e r ,  g r a i n  y i el d h a d  n o  s i g n i f i c a n t  
c o r r el a t i o n w i t h s t a l k l o d g i n g . R i n d s t r e n g t h  s h ow e d  a 
s t ro n g  s i g n i f i c a n t  po s i t i v e c o r r el a t i o n w i t h r i nd 
t h i c k n e s s . T h e  f i v e  s t a l k c h a r a c t e r i s t i c s  w e r e  g e n e t i c a l l y 
po s i t i v el y  c o r r el a t e d  a m o n g  t h em s el v e s  w i t h th e e x c e p t i o n 
o f  a sm a l l n e g a t i v e c o r r el a t i o n b e tw e e n  n o d a l pl a t e 
th i c kn e s s  a n d r i n d t h i c k n e s s , - a n d  a l s o  i n t e r n o d e  l e n g t h  a n d 
s t a l k c r o s s- s e c t i o n al a r ea . D i plod i a  sta l k r o t  s c o r e w a s  
po s i t i v el y  a n d s i g n i f i c a n t l y c o r r el a t ed w i th r i n d str e n g t h ,  
r i n d th i c k n e s s ,  s t a l k c r o s s - s e c t i o n a l a r e a a n d e a r  h ei g h t . 
S t a l k l od g i n g  w a s  n e g a t i v e l y  a n d s i g n i f i c a n tl y c o r r el a t e d  
w i th r i n d s t r e n g t h  a n d  r i n d 
c o r r el a t i o n  b e tw e e n  D i pl o d i a  
l o d g i n g  w a s d e t e c t e d . 
t h i c k n e s s ; n o  s i g n i f i c a n t 
s t a l k r o t  s c o r e  a n d s t a l k 
P h e n o ty p i ca l l y , s t a l k l o d g i n g  w a s  n e g a t i v el y  
co r r el a t e d  t Q  a ll s t a l k ch a r acter i s t i c s  i ncl u d i n g  s t a l k r o t  
sco r e. R i n d s t r e n g t h w a s  p o s i t i v el y  p h eno t y p i ca l l y  
co r r el a t e d  w i t h  r i n d  · t h i c k n e s s ,  b u t  n e g a t i v el y  
ph eno ty pi cal l y  c o r r el a t e d  w i t h s t a l k l o d g i ng . 
P o o l e d  e s t i m a t e s  
co v a r i a nce s b e tw e e n  t h e 
o f  g e n e t i c a n d  ph e n o t y p i c  
t r a i t s s t u d i e d a r e  sh ow n  i n  
A p p e n d i x C .  I n  g e n e r a l , ph e n o ty p i c  c o v a r i a n c e s w e r e  g r ea t e r  
t h a n  g e n e t i c  co v a r i a nc e s i n  S D P PS.  Th e d i r ec t i o n o f  s i g n s  
f o r  g e n e t i c  a n d p h e n o ty p i c. co v a r i a nc e s i s  r e f l ect e d  i n  
t h e i r r e s p e c t i v e  g e n e t i c a n d ph e n o ty p i c  co r r el a t i o n 
co e f f ic i e n t s . P h e n o ty p i c  co v a r i a nc e s b e tw e e n · e x p e r i m e n t s  
a r e  th e s a m e  a s  g e n e t i c  c o v a r i a nc e s ,  
c o v a r i a nce s o f  t h e  o b s e r v e d  f a m i l y  
s i nce t h e  e x p ect e d  
m e a n s  d u e  t o  comm o n  
env i r o nm e nt a l  e f f ect s a r e  z e r o. T h e r e f o r e ,  t h e s a m e  
ac r o s s- ex p e r i m e n t  c o v a r i a nce e s t i m a t e s  w e r e  t a k e n  a s  t h e  
ph e n o ty p i c co v a r i a nce o f  tw o t r a i t s m e a s u r e d  i n  d i f f e r e n t  
e x p e r i m e n t s .  
C o e f f i c i e n t s o f  d e t e r m i n a t i o n CR2) fr om r e g r e s s i o n 
a n a l y s i s o f  f a c t o r s  c o n t r i b u t i n g t o  s t a l k l o d g i n g  o v e r  a l l 
l oca t i o n s  a n d y e a r s  a r e  pr e s e n t e d  i n  T a b l e 5 .  R i n d 
s t r e n g t h ,  r i n d t h i c k n e s s  a n d i n t e r n o d e  l e n g t h p e r  s e  
acco u n t e d f o r  1 5, 12, a n d  2 pe rce n t  o f  t h e  t o t a l  v a r i a t i o n 
i n  s t al k l o d g i n g ,  r e s p e c t i v e l y . T h e q u a d r a t i c  r e s po n s e  f o r  
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TABLE 5 Coeffic i ents · of  determination ( R
2 ) from f i tti ng various 
simpl e· and multipl e regr ession model s to expl a i n  variation 
in s talk lodging over all locations and y ears in SDPPS . 
R2 
-
--
----
---
--
-
-
------ -
----
--
-
---
--
------
Trai tiJ simple q uadra ti c Tra i ts* interacti on 
-
-
-
---
-
-
-
----
-
------ -
--
-
-
-
-
-------- ------- --
-
--------
RST 0 . 1 46 0 . 1 43 RST�RT 0 . 1 85 
RT 0 . 1 22 0 . 1 20 RST*IL 0 . 1 20 
NT 0 . 002 0 . 002 RT*IL 0 . 1 1 3  
SA 0 . 002 0 . 00 1 RST*NT 0 . 089 
IL 0 . 020 0 . 021  RST*tvlST 0 . 082 
DIP 0 . 0 0 1  0 . 002 EHT*RST 0 . 079 
EHT 0 . 002 0 . 002 RT*NT 0 . 076 
MST 0 . 0 0 1  0 . 00 1 EHT*RT 0 . 05 8 
YLD 0 . 000 0 . 001  RT*MST 0 . 057 
EHT, RST, RT, SA, IL 0 .240 0 . 229 
All tra i ts 0 . 241  0 . 237 
* interaction of two traits . 
# RST = Rind s trength ( kg ) , RT = Rind thickness ( mm ) , NT = Nodal plate 
thickness ( mm ) , SA = Stalk cross-sectional area Cmm2 ) ,  IL = Internode 
length ( mm ) ,  DIP = Diplod i a  stalk rot measured on a 1 to 6 scale with 
1 as most resistant, EHT = Ea r height ( m ) , SL = Stalk lodging ( % ) , 
MST = G rain moi sture ( % ) , YLD = G rain Yield ( Mg ha- 1 ) .  
. 3 0  
t hese t r ai t s w a s  v e ry simil a r . Th e i n t e r a c tion be tw e e n  rin d 
s t r eng t h  a nd �in d  t hi c kn e s s  ga v e  t h e high e s t  R 2 , fol l ow e d 
by t h e  in t e r a c tion o f  t h e  tw o t r ai t s w it h  i n t e r n o d e  l e ng t h . 
T he f i v e  t r ai t s a c c o u n t i n g f o r  t h e m axim um v a r iation in 
· s t a l k  l o d g i ng w e r e  r ind s t r en g t h , rin d t h ic kn e s s , in t e r n o d e  
l engt h ,  e a r h e i g h t  a n d s t a l k c r o s s- s e c tio n a l  a r ea . A d dition 
of t he r em a inin g  t r a i t s  in t o  t h e  m o d e l d i d  n o t  l e a d  t o  a n  
i nc rea s e  in R2• 
C o e f f ici ent s of d e t e r min a ti o n  ( R2 ) f r om f it tin g 
a d d i tio n a l  m u l tipl e r e g r e s s i on m o d e l s u si n g  t h e f iv e t r ai t s 
s el e c t e d  a b o v e ,  t h eir q u a d r a tic f o r m s  a n d  a l l  p o s sibl e 
i nt e r a c ti o n s  a r e  s h ow n  i n  T a bl e 6 .  Th e i n t e r a ction b e tw e e n  
rin d s t r e n g t h  a n d rin d  t hic kn e s s  r e s ul t e d  i n  t h e  hig h e s t 
R- sq u a r e  v a l u e  f o r  a o n e  v a r ia bl e m o d e l . A d di tion o f  
v a ria b l e s  l e a d  t o  o n l y  sm all in c r e a s e s  i n  R- sq u a r e  r e a c hin g 
0 . 3 2  in a t en v a ria bl e m o d el .  
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TAB LE 6 The best fitti ng one to ten vari able r egr ess i on model s 
sel ected by step..J i se r egressi on to predict stalk l odging i n  
SDPPS . 
Variables# 
RST*RT 0 . 1 9  
EHT*SA, RST*RT 0 . 2 1  
EHT*SA, RST*RT, SA*IL 0 . 23 
EHT*RT, RST*RT, RST*SA, SA*IL 0 . 23 
EHT*RT, EHT*SA, RST*RT, RST*SA, RT*IL 0 . 24 
SA
2
, EHT*RST, EHT*IL, SA*IL, RT, SA 0 . 29 
Rr2 , SA2, EHT*RST, EHT*IL, SA*IL, RT, SA 0 . 30 
SA2, IL2, EHT*RST, EHT*IL, SA*IL, EHT, RT, SA 0 . 3 1  
SA2, IL
2
, EHT*RST, EHT*RT, EHT*IL, SA*IL, EHT, RT, SA 0 . 32 
RST
2
, SA
2
, IL
2, EHT*RST, EHT*RT, EHT*IL, SA*IL, EHT, RT, 
·
sA 0 . 32 
* denotes interacti on of two trai t s .  
# RST = Rind strength ( kg) , RT = Rind thickness ( mm) , N T  = Nodal pl ate 
thickness ( mm) , SA = Stalk cross-sectional area C mm
2
) ,  IL = Internode 
length ( mm) , DI P = Di plodi a  stalk rot measured on a 1 to 6 scal e with 
1 as  most resi stant, EHT = Ear height ( m ) , SL = Stalk l odging ( % ) , 
MST = G ra in moi s ture ( % ) , YLD = G rain Yi el d  ( Jvtg ha-
1 ) .  
3 2  
DISCUSSION 
Th e e f f e c t i v e n e s s  o f  a pl a n t  b r e e d i n g p r o g r a m 
· d e pend s on t h e  e x i s t e n c e  o f  g ene t i c  v a r i a b i l i ty . Th e r e f o r e , 
know l e d g e  o f  v a r i anc e c om p o n e n t s  f o r  q u a nt i t a t i v e  t r a i t s i s  
ne c e s s a ry f o r  o p t i ma l  p o p u l a t i o n  i m p r o v em ent . T h e g ene t i c  
c om po nent s o f  v a r i a n c e  c a n  b e  e s t i m a t e d  f r om m a t i n g d e s i gns 
und e r  t h e f ol l ow i n g  a s s um p t i o n s : a )  r a nd om m a t i n g ,  b )  
d i pl o i d  a nd M e n d el i a n  i nh e r i t a nc e ,  c )  n o  e n v i r o nm e n t a l  
c o r r el a t i on a m o n g  p r o g e n i e s ,  d )  n o  m a t e rn a l e f f e c t s , e )  
l i n k a g e  eq u i l i b r i um ,  and f )  n o n- i n b r e d r el a t i v e s  ( 8 ) . Th e 
e s t i m a t e s  o b t a i n e d  a p pl y  s p e c i f i c a l l y  t o  t h e  g e r m pl a sm p o o l  
and env i r onm e nt s s a m pl e d .  
A d d i t i v e  g e ne t i c v a r i a n c e  w a s  o f  m a j o r  i m p o r t a nc e 
f o r  t h e  a g r onom i c  t r a i t s a nd s t a l k c h a r a c t e r i s t i c s ,  
i n c l u d i ng s t a l k  l o d g i n g ,  i n  t h i s  s t u dy . T h i s  i s  i n  
a g r e em ent w i t h  a n um b e r  o f  s t u d i e s  i n  t h e  l i t e r a t u r e .  
( 2 5 , 3 2 , 3 7 , 5 4 ) . O n l y  r i n d s t r e n g t h  h a d  a d om i n a n c e  g e n e t i c  
v a r i anc e e s t i m a t e l a r g e r  t h a n  t h e  a d d i t i v e  g e n e t i c  v a r i a n c e  
e s t i m a t e ,  a l t h o u g h  b o t h  e s t i m a t e s  w e r e  n o t  s i g n i f i c a n tl y  
d i f f e r e n t  f r om z e r o . R e l a t i v e l y  h i g h a d d i t i v e  g e n e t i c  
v a r i a n c e  f o r  D i pl o d i a s t a l k r o t  s c o r e  h a s  a l s o  b e e n  
o b s e r v e d  by K a p el l m a n n  a n d  T h om pso n ( 2 8 ) . I n  c o n t r a s t  t o  
o t h e r  r e s e a r c h ,  n o  d o m i n a n c e  g e n e t i c v a r i a n c e  c om p o n e n t  
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w a s d e t e c t e d  f o r  g r a i n  y i el d ( 2 2 , 5 4 , 7 0 ) . 
H e r  i t a bi 1 i ty d e t e r min e s  t h e  p r o g r e s s  f r om 
s e 1 e c t i on ; c h a r a c t e r s w it h . high na r r ow s e n s e h e r i t a b i 1 i t y 
c a n  be im p r o v e d  m o r e  r a pid l y  t h a n t h o s e w i t h  l ow e r 
h e ri t a bil ity . H e ri t a bil ity in t h e  n a r r ow s en s e  i s  t h e r a tio 
of a d ditiv e g e n e ti c  v a ria n c e  t o  ph e n o ty pic v a ri a n c e . S i n c e  
t he h e r it a bil ity e s tim a t e s  o f  t his s t u dy w e r e . ba s e d  o n  a 
s a m pl e o f  e n v ir o n m ent s ( 2  y e a r s  w i t h  2 l o c a tio n s  e a c h ) t h e  
e s tim a t e s  w e r e  f r e e  o f  g e n o ty p e - e n v i r o nm ent i n t e r a c t ion . 
S til l ,  t h e e s t i m a t e s  a p pl y ·o n l y  t o  t h e  p o p ul a ti o n  a n d 
e n v i r o nm e n t s s a m pl e d .  
N a r r ow s e n s e  h e r i t a b i l i ty e s t i m a t e s  f o r  a l l t r a i t s 
w e r e  sig nific a n t  w i t h t h e  e x c e p t i o n o f  r i n d s t r e n g t h . A 
no n - sig n i f i c a n t  a d ditiv e g e n e t i c  v a r i a n c e  e s tim a t e  f o r  r i n d 
s t r e n g t h  1 e d  t o  a 1 ow n a r r ow s e n s e  h e r i  t a  b i l  i ty e s t i m a t e . 
This i s  in  di s a g r e em e n t  w i t h Al b r e c h t  a n d D u d l ey ( 2 )  w h o  
o bs e r v e d  a h i g h h e r i t a b i l i ty f o r  r i n d s t r e n g t h . Al l o t h e r  
s t a l k c h a r a c t e ri s ti c s s h ow e d a m e d i um t o  h i g h n a r r ow s e n s e  
h e r i t a bi l ity e s t i m a t e ( > 0 . 5 7 ) w h i c h a g r e e s  w i t h f i n d i n g s  o f  
Si e p e r  a nd R u s s e l l ( 5 9 ) . A m e d i um h e r i t a b i l i ty e s t i m a t e  
( 0 . 4 5 ) f o r  D i pl o d i a  s t a l k r o t s c o r e w a s  in  a g r e em ent w i t h 
f i n d i n g s  o f  J i n a hy o n  a n d R u s s el l ( 2 5 ) . T h e p o o l e d  
h e r i t a b i l i ty e s t i m a t e f o r  ea r h e i g h t  w a s  l ow e r t h a n  f o u n d  
by H a l l a u e r  a n d M i r a n d a  ( 2 1 ) ,  a l t h o u g h t h e e s t i m a t e s  f o r  
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i n d i v i d u a l  y ea r s  t e n d e d  t o  b e  h i g h e r . A m e d i um t o  h i gh 
h e r t t a b i l i ty ·e s t i m a t e w a s  o b s e r v e d  f o r  s t a l k l o d g i n g  
( 0 . 6 3) . T h i s  r e s ul t  a g r e e s  w i t h S i e p e r  a n d R u s s e l l ( 5 9 ) w h o  
f o u n d  a s i m i l a r  h e r i t a b i l i ty e s t i m a t e f o r  s t a l k l o d g i n g . 
· �h e  h i gh h e r i t a b il i ty e s t i m a t e  f o r  g r a i n  m o i s t u r e  ( 0 . 7 0 ) i s  
i n  a g r e em e n t  w i t h r e s ul t s  by H al l a u e r  a n d  M i r a n d a  ( 2 1 ) . Th e 
h e r i ta b i l i ty e s t i m a t e  f o r  g r a i n  y i e l d w a s  a l s o  h i g h . Th i s  
i s  c o n s i s t e n t  w i t h f i n d i n g s  by Al b r e c h t  a n d D u dl ey ( 2 ) . 
E s t i m a t e s  o f  g e n e t i c  a n d ph e n o ty p i c c o v a r i a n c e  w e r e  
po ol e d  a c r o s s  e n v i r o n m e n t s s i n c e t h e  e n v i r o nm e n t a l  
c o v a r i a n c e f o r  tw o t r a i t s m e a s u r e d i n  d i f f e r e n t  e x p e r i m e n t s  
i s  e x p e c t e d t o  b e  z e r o . Th e r e  w a s  a n  a l m o s t c o n s i s t e n t  
pa t t e r n i n  t h e  s i g n ·  o f  t h e  p o o l e d  g e n e t i c a n d p h  e n o ty p i c 
co v a r i a n c e  b e tw e e n  s t a l k q u a l i ty t r a i t s i n c l u d i n g  D i pl o d i a  
s t a l k r o t  r e s i s t a n c e  a n d y i el d  c om po n e n t s . 
Kn ow l e d g e  o f  g e n o ty p i c a n d ph e n o ty p i c c o r r e l a t i o n s  
b e tw e e n  s t a l k q u a l i ty c h a r a c t e r i s t i c s , s t a l k r o t r e s i s t a n c e  
a n d s t a l k  l o d g i n g / a g r o n om i c  t r a i t s i s  i m p o r t� n t a s  i t  
a l l ow s  t h e  e v a l u a t i o n o f  i n d i r e c t  s e l e c t i o n f o r  s t a l k  
l o d g i n g . P o ol e d  e s t i m a t e s  o f  g e n e t i c  c o r r el a t i o n 
c o e f f i c i e n t s  i n  t h i s  s t u dy w e r e  g e n e r a l l y  l a r g e r  t h a n  t h e i r 
co r r e s p o n d i n g  e s t i m a t e s  o f  ph e n o ty p i c c o r r el a t i o n 
c o e f f i c i e n t s . T h i s  w a s  a r e s u l t of t h e e s t i m a t e d  g e n o ty p i c 
v a r i a n c e s b e i n g s m al l e r t h a n  th e c o r r e s p o n d i n g ph e n o ty p i c 
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e s t i m a t e s . 
D i pl o d i a  s t a l k r o t r e s i s t a n c e  a n d s t a l k l o d g i n g 
w e r e  n o t  c o r r el a t e d  i n  t h i s  s t u dy . Th i s  i s  c o n s i s t e n t  w i t h 
Z u b e r  · e t  a l . ( 7 4 )  w h o  a l s o  f o u n d  n o  a s s o c i a t i o n b e tw e e n  
s t a l k l o d g i n g  a n d D i pl o d i a  s t a l k  r o t r e s i s t a n c e . H o f f b e c k  
( 2 3 ) , how e v e r ,  f o u n d  a po s i t i v e  g e n e t i c  c o r r el a t i o n b e tw e e n  
s t� l k l o d g i n g  a n d D i pl o d i a  s t a l k r o t r e s i s t a n c e . O u r  r e s u l t  
m ay po i n t t ow a r d  t h e  c o n c l u s i o n  r e a c h e d by A l b r e c h t  a n d 
D u dl ey ( 2 ) w h o  s u g g e s t e d  t h a t s t a l k r o t  h a s  t o  r e a c h a 
t h r e s h ol d t o  a f f e c t  l o d g i n g . Po s i t i v e  a n d s i g n i f i c a n t  
g e n e t i c  c o r r el a t i o n s  e x i s t e d b e tw e e n  D i pl o d i a  s t a l k  r o t  
s c o r e  a n d a l mo s t a l l s t a l k q u a l i ty c h a r a c t e r i s t i c s a n d a l s o  
e a r h e i g h t .  Th i s  s ug g e s t s  t h a t  v i g o r o u s  pl a n t s  t e n d t o  b e  
m o r e  p r o n e  t o  a t ta c k  b y  D i pl o d i a  s t a l k  r o t  o r g a n i sm s  ( 1 7 ) ,  
a l t h o u g h  n o  s i g n i f i c a n t  g e n e t i c  c o r r el a t i o n w a s  o b s e r v e d  
b e tw e e n  D i pl o d i a  s t a l k r o t s c o r e  a n d g r a i n  y i e l d i n  S D P P S . 
Th i s  l a c k  o f  a s s o c i a t i o n w a s  a l s o  r e p o r t e d  by M i l e s  e t  a l . 
( 4 0 ) . T h e g e n e t i c c o r r e l a t i o n b e tw e e n  D i pl o d i a s t a l k r o t  
s c o r e  a n d g r a i n  m o i s t u r e  w a s  f o u n d  t o  b e  n e g a t i v e a n d 
s i g n i f i c a n t . T h i s  w a s  e x p e c t e d s i n c e  D i pl o d i a  s t a l k r o t  i s  
r el a t e d  t o  t h e  r a t e  o f  s e n e s c e n c e  i n  t h e  p i t h  ( 4 6 ) ; l a t e r  
m a t u r i n g c o r n  l i n e s  w i t h h i g h e r m o i s t u r e w i l l  h a v e l ow e r 
D i pl o d i a  s t a l k r o t r a t i n g s  t h a n  e a rl y  m a t u r i n g l i n e s  w i t h 
l ow m o i s t u r e  c o n t e n t . 
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R i n d s t r e n g t h a n d r i n d t h i c k n e s s  w e r e  po s i t i v el y  
s i g Q i f i c a n t l y  g e n e t i c a l l y  c o r r el a t e d  w i th e a c h  o t h e r  
( 6 7 ) . N o  o t h e r  s i g n i f i c a n t  g e n e t i c c o r r el a t i o n a m o n g  s t a l k 
q u a l i ty c h a r a c t e r i s t i c s  w a s  d e t e c t e d . R i n d s t r e n g t h a n d 
· r i n d t h i c kn e s s  w e r e  n e g a t i v el y  a n d  s i g n i f i c a n t l y  
g e n o ty p i c a l l y  c o r r el a t e d  w i t h s t a l k l o d g i n g . Th i s  w a s  
e x p e c t e d  f r om a r e v i ew o f  t h e l i t e r a t u r e  ( 3 3 , 5 7 , 6 2 , 6 3 ) . Th e 
g e n e t i c c o r r el a t i o n s  o f  r i n d s t r e n g t h  o r  r i n d t h i c k n e s s  a n d 
y i el d · c o m po n e n t s w e r e  n o t  s i g n i f i c a n tl y d i f f e r e n t  f r om 
z e r o . S i n g h ( 5 6 )  h ow e v e r h a d  f o u n d  a h i g h g e n e t i c  
c o r r el a t i o n b e tw e e n  r i n d  t h i c k n e s s  a n d g r a i n  y i el d .  O n l y  
s t a l k  c r o s s- s e c t i o n a l  a r e a h a d  a po s i t i v e  a n d s i g n i f i c a n t  
g e n e t i c  c o r r e l a t i o n w i t h g r a i n  y i el d ; s u g g e s t i n g  t h a t  mo r e  
v i g o r o u s pl a n t s  a l s o  y i el d  w el l . G r a i n  m o i s t u r e w a s  
n e g a t i v e l y  c o r r el a t e d  w i t h s t a l k q u a l i ty c h a r a c t e r i s t i c s . 
O nl y  i n  t h e  c a s e  o f  s t a l k c r o s s- s e c t i o n a l  a r e a w a s  th i s  
c o r r el a t i o n  s i g n i f i c a n t . S t a l k c r o s s - s e c t i o n a l  a r ea a n d 
s t a l k 1 o d g i  n g  h a d  a v e ry  1 ow g e n e t i c c o r  r e l a t i o n ( 4 )  . Th e 
g e n e t i c  c o r r el a t i o n s  b e tw e e n  e a r h e i g h t  a n d s t a l k q u a l i ty 
c h a r a c t e r i s t i c s w e r e  po s i t i v e ,  a l t h o u gh s i g n i f i c a n t  o n l y  
w i t h r i n d t h i c kn e s s . 
G r a i n  y i el d  w a s  po s i t i v el y  a n d  s i g n i f i c a n t l y  
c o r r el a t e d  o n l y  w i t h s t a l k c r o s s - s e c t i o n a l  a r ea . T h e  
g e n e t i c c o r r e l a t i o n  o f  g r a i n  y i el d w i t h D i pl o d i a  s t a l k r o t 
s c o r e  w a s  n o t  s i g n i f i c a n t . Th i s  s u g g e s t s  t h a t  r e s i s t a n c e  t o  
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D i pl o d i a  s t a l k r o t  i s  i n h e r i t e d  i n d e pe n d e n t l y  o f  y i el d .  N o  
s i g � � f i c a n t  g � n e t i c  c o r r e l a t i o n b e tw e e n  g r a i n  y i el d  a n d 
s ta l k l o d g i n g  w a s  f o u n d  i n  S D P PS . Th i s  s u g g e s t s t h a t s t a l k 
l o d g i n g  c a n b e  i m p r o v e d  i n  S D P PS w i th o u t  e x p e c t i n g a l o s s  
i n  y i el d .  Al b r e c h t  a n d D u dl ey ( 2 ) a n d M i l e s e t  a l  ( 4 0 )  ·h a d  
a l s o  r e p o r t e d  a l a c k  o f  g e n e t i c  a s s o c i a t i o n b e tw e e n  g r a i n  
y i el d  a n d s t a l k  l o d g i n g . Th e h i g h l y  po s i t i v e  c o r r el a t i o n 
b e tw e e n  g r a i n  y i el d  a n d e a r  h e i g h t  d e t e c t e d  by R o b i n s o n  e t  
a l . ( 5 0 )  a n d L i n d s ey e t  a l . ( 3 2 ) c o u l d n o t  b e  c o n f i rm e d  i n  
t h i s s t u dy . 
R e g r e s s i o n a n a l y s i s w a s  c o n d u c t e d  t o  i d e n t i fy 
t r a i t s w h i c h c o n t r i b u t e  m o s t  t o  t h e  v a r i a b i l i ty i n  s t a l k  
l o d g i n g . R i n d s t r e n g t h a n d r i n d t h i c k n e s s  a c c o u n t e d  f o r  1 5  
a n d 1 2  . p e r c e n t  o f  t h e v a r i a b i l i ty i n  s t a l k  l o d g i n g ,  
r e s p e c t i v e l y . Th i s  a g r e e s  w i t h f i n d i n g s  by D a v i s a n d C r a n e  
( 1 4 )  w h o  n o t e d  a d e c r e a s e o f  s t a l k  l o d g i n g  a f t e r  s el e c t i o n  
f o r  h i g h r i n d t h i c k n e s s  a n d Ma r t i n a n d R u s s el l ( 3 7 ) w h o  
s u g g e s t e d r i n d s t r e n g t h  a s  a v a l u a b l e  s el e c t i o n  c r i t e r o n  
f o r s t a l k q u a l i ty . Th e f i v e  t r a i t s a c c o u n t i n g f o r m a x i m um 
v a r i a b i l i ty o f  s t a l k l o d g i n g  a n d s u b s eq u e n t l y  u s e d  i n  
m ul t i pl e  r e g r e s s i o n w e r e  r i n d s t r e n g t h , r i n d t h i c k n e s s ,  
s t a l k c r o s s - s e c t i o n al a r e a ,  i n t e r n o d e  l e n g t h  a n d  e a r  
h e i g h t . T h e s e  r e s ul t s  s u g g e s t  t h a t r i n d  p u n c t u r e s t r e n g t h  
i s  m o r e  i m p o r ta n t t h a n  s t a l k r o t  e v a l u a t i o n ; a c o n c l u s i o n 
w h i c h h a s  a l s o  b e e n r e a c h e d by Al b r e c h t  a n d D u d l ey ( 2 ) . 
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S t e pw i s e m ul t i pl e  r e g r e s s i o n a n a l y s i s w a s  c a r r i e d 
o u t t o  c om e  u p . w i t h a m o d e l t o  pr e d i c t s t a l k l o d g i n g . T h e  
i n t e r a c t i o n b e tw e e n  r i n d s t r e n g t h  a n d  r i n d t h i c k n e s s  g a v e  
t h e  h i g h e s t c o e f f i c i e n t  o f  d e t e r m i n a t i o n  o f  a ny s i n gl e  
v a r i a bl e  m o d e l  ( 0 . 1 9 ) , w h i c h d i d  n o t  i n c r e a s e s u b s t a n t i a l l y 
w i t h t h e  a d d i t i o n o f  v a r i a bl e s  t o  t h e  m o d e l . T h e r el a t i v e  
1 ow m a g n i t u d e  o f  c o e f f i c i e n t s  o f  d e  t e r m i n a t i  o n  i n d i c a t e s  
sl ow p r o g r e s s  i m p r o v i n g s t a l k q u a l i ty t h r u  i n d i r e c t  
s e l e c t i o n . Al b r e c h t  a n d R u s s el l  ( 2 ) ,  a n d  T h om p s o n  ( 6 5 )  a l s o  
s u g g e s t e d  s e l e c t i o n f o r  s t a l k l o d g i n g  p e r  s e  a s  t h e  m o s t  
e f f e c t i v e  m e t h o d . 
I n  c o n c l u s i o n ,  h e r i t a b i l i ty e s t i m a t e s  w i l l  b e  
u s e f ul i n  d e t e r m i n i n g  t h e  b e s t  m e t h o d  o f  s e l e c t i o n t o  
i m p r o v e s t a l k l o d g i n g  r e s i s t a n c e  i n  S D P PS . G e n e t i c  
c o r r el a t i o n s  a m o n g  t r a i t s  a r e  v a l u a bl e  t o  t h e  pl a n t  b r e e d e r  
s i n c e  t h ey i n d i c a t e  t h e  c o r r el a t e d  r e s po n s e  t h a t m ay o c c u r  
w h e n  i n d i r e c t  s e l e c t i o n i s  pr a c t i c e d . T h ey a l s o  h el p  
i d e n t i fy t r a i t s of  l i t tl e i m p o r ta n c e  i n  a s el e c t i o n 
p r o g r a m . U n f a v o r a bl e g e n e t i c  c o r r el a t i o n s  b e tw e e n  t r a i t s 
s el e c t e d  f o r  i n  a b r e e d i n g p r o g r a m  r e d u c e  t h e  g a i n  f r om 
s el e c t i o n . I n d i r ec t s e l e c t i o n i s  s u c c e s s f ul w h e n  t h e  
h e r i t a b i l i ty o f  t h e  t r a i t  s el e c t e d  f o r  i s  l a r g e r  t h a n  t h e  
h e r i t a b i l i ty of  t h e  p r i m a ry t r a i t  a n d t h e g e n e t i c  
c o r r e l a t i o n b e tw e e n t h e  t r a i t s i s  s u b s t a n t i a l . S i n c e  n o n e 
o f  t h e  s t a l k q u a l i ty t r a i t s  i n cl u d i n g  D i pl o d i a s t a l k r o t  
3 9  
r e s i s t a n c e  f ul f i l l  t h e s e  c r i t e r i a  a n d t h e  c o e f f i c i e n t s  o f  
d e t e r m i n a t i o n f r om r e g r e s s i o n a n a l y s i s a r e  o f  l ow 
m a g n i t u d e ,  s e l e c t i o n f o r  s t a l k  l o d g i n g  p e r  s e  o f f e r s t h e  
m o s t  e f f e c t i v e  m e t h o d  t o  i m p r o v e s t a l k l o d g i n g  r e s i s t a n c e  
i n  S D P P S . 
( 1 ) 
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a s s o c i a t e d  w i t h D i pl o d i a  s t a l k r o t r e a c t i o n . U n i v . 
I l l .  P h . D .  T h e s i s ,  U r b a n a . 
( 1 3 )  C r a i g �  J . ,  a n d A . L . H o ok e r . 1 96 1 . R e l a t i o n  o f  s u g a r 
t r e n d s  a n d p i t h d e n s i ty t o  D i pl o d i a s t a l k r o t  i n  
d e n t  c o r n . Phy t o pa t h .  5 1 : 3 7 6 - 3 8 2 .  
( 1 4 )  D a v i s , S . M . , a n d P . L . C r a n e . 1 97 6 . R e c u r r e n t  
· s el e c t i o n f o r  r i n d t h i c k n e s s  i n  m a i z e a n d i t s 
r el a t i o n s h i p  w i t h  y i el d , l o d g i n g  a n d  o t h e r pl a n t 
c h a r a c t e r i s t i c s . C r o p  S c i . 1 6 : 5 3 - 5 5 . 
( 1 5 )  D e v ey , M . E . , a n d  W . A .  R u s s e l l . 1 9 8 3 . E v a l u a t i o n  o f  
r e c u r r e n t  s e l e c t i o n f o r  s t a l k q u a l i ty i n  m a i z e · 
c ul t i v a r  a n d e f f e c t s o n  o t h e r  a g r o n om i c  t r a i t s . 
I ow a  S t a t e  J .  of  R e s .  5 8 : 2 0 7 - 2 1 9 .  
( 1 6 )  D o d d ,  J . L .  1 97 7 . A ph o t o sy n t h e t i c s t r e s s-
t r a n s l o c a t i o n  b a l a n c e  c o n c e p t o f  c o r n  s t a l k r o t . 
P r o c . A n n u . C o r n  a n d S o r g h um R e s . Co n f . 3 2 : 1 2 2 - 1 3 0 .  
( 1 7 )  D o d d ,  J . L .  1 9 8 1 . G r a i n s i n k s i z e a n d p r e d i s p o s i t i o n  
o f  ��a mays t o  s t a l k r o t . Phy t o pa t h . 7 0 : 5 3 4 - 5 3 5 . 
( 1 8 ) D u v i c k ,  D . N .  1 97 7 . G e n e t i c 
m a i z e y i el d  d u r i n g t h e  
2 2 :  1 87 - 1 9 6  . 
r a t e s  o f  g a i n  i n  hy b r i d  
pa s t  4 0  y e a r s . M a y d i c a 
( 1 9 ) F ol ey ,  D . C .  1 9 8 3 . M e c h a n i c a l  p r o pe r t i e s  o f  s t e m s  of  
�ea mays . I ow a  S t a t e  J .  of  R e s .  5 8 : 2 3 5 - 2 4 6 . 
( 2 0 )  G a y l o r ,  D . W . a n d F . N .  H o p p e r . 1 96 9 .  E s t i m a t i n g  t h e  
d e g r e e s  o f  f r e e d om f o r  l i n e a r  c om b i n a t i o n s  o f  m e a n 
sq u a r e s  by S a t t e r t hw a i t e ' s f o r m ul a .  T e c h n om e t r i c s  
1 1  : 6 9 1  -7 0 6  . 
( 2 1 ) H a l l a u e r ,  A .  R . , a n d  J . B . M i r a n d a . 1 9 8 1 . Q u a n t i  t a  t i  v e  
g e n e t i c s  i n  m a i z e b r e e d i n g . I ow a S t a t e  U n i v e r s i ty 
P r e s s ,  Am e s ,  J ow a . p . 1 2 5 . 
( 2 2 )  H a l l a u e r ,  A . R . , a n d  J . A .  W r i g h t . 1 96 7 . G e n e t i c 
v a r i a n c e s i n  t h e  o p e n - p ol l i n a t e d  v a r i e ty o f  m a i z e ,  
4 2  
I ow a  I d e a l . Z u c h t e r  3 7 : 1 7 8- 1 85 .  
( 2 3 ) . H o f f b e c k , L . J  • . 1 9 6 4 . R el a t i o n  b e tw e e n  s t a l k b r ea kag e 
o f  c o r n  a n d r e a c t i o n  t o  lli�lQdia ma�di s a n d 
�ibbecella �eae . C r o p  S c i . 4 : 5 7 3 - 5 7 5 . 
( 2 4 )  H o ok e r ,  A . L . , a n d  M . P . B r i t t o n . 1 9 6 2 .  T h e e f f e c t o f  
s t a l k r o t  o n  c o r n  y i el d s i n  I l l i n o i s .  Pl a n t  D i s e a s e  
R e p t r . 4 6 : 9- 1 3 .  
( 2 5 )  J i n a hy o n .  S . , a n d  W . A .  R u s s el l . 1 96 9 .  E v a l u a t i o n  o f  
r e c u r r e n t  s el e c t i o n  f o r  s t a l k - r o t  r e s i s t a n c e  i n  a n  
o p e n- p o l l i n a t e d  v a r i e ty o f  m a i z e .  I ow a  S t a t e J .  
S c i . 4 3 : 2 2 9- 2 3 7 . 
( 26 )  J i n a hy o n . S . , a n d W . A .  R u s s e l l . 1 96 9 .  E f f e c t s  o f  
� e c u r r e n t  s e l e c t i o n f o r  s t a l k - r o t  r e s i s t a n c e  o n  
o t h er a g r o n o m i c  c h a r a c t e r s  i n  a n  o p e n - p o l l i n a t e d  
v a r i e ty o f  m a i z e .  I ow a  S t a t e  J .  S c i . 4 3 : 2 3 9- 2 5 1 . 
( 27 ) 
( 2 8 )  
( 2 9 )  
J o s e p h s o n ,  L . M .  1 96 2 .  E f f e c t s  o f  
s t a l k dy i n g a n d l o d g i n g  o f  
5 4  : 1 7  9- 1 8 0  . 
p o t a s h  o n  p r em a t u r e 
c o r n . � g r o n . J .  
K a p pe l m a n ,  A . J . ,  J r . ,  a n d  D . L . Th om p s o n . 1 96 6 . 
I n h e r i t a n c e  o( r e s i s t a n c e  t o  D i pl o d i a  s t a l k r o t  i n  
c o r n . C r o p  S c i . 6 : 2 8 8- 2 9 0 .  
K e m t h o r n e ,  0 .  1 96 9 .  A n 
s t a t i s t i c s . I ow a  S t a t e  
I ow a . p .  2 6 7 . 
i n t r o d u c t i o n  
U n i  v e r s i  ty 
t o  g e n e t i c  
P r e s s , Am e s ,  
( 3 0 )  K o e h l e r ,  B .  1 9 6 0 . C o r n  s t a l k r o t s  i n  I l l i n o i s .  A g r i c . 
E x p .  S t n . B u l l . 6 5 8 .  
( 3 1 )  L i e b h a r d t ,  W . C . , a n d J . T .  N u r d o c k . 1 96 5 . E f f e c t  o f  
po t a s s i um o n  m o r ph ol o gy a n d l o d g i n g o f  c o r n . A g r o n . 
J .  5 7 : 3 2 5 - 3 2 8 .  
( 3 2 )  L i n d s ey , M .  F • , J . H • L o n  nq u i s t ,  a n d  C • 0 • G a r d n e r . 
1 96 2 . E s t i m a t e s  o f  g e n e t i c  v a r i a n c e  i n  o p e n  
p o l l i n a t e d  v a r i e t i e s  o f  c o r n b e l t c o r n . C r o p  S c i . 
2 : 1 0 5 - 1 0 8 .  
( 3 3 ) L o e s c h ,  P . J . ,  J r . 1 97 2 . D i a l l e l a n a l y s i s  o f  
q u a l i ty t r a i t s i n  1 2  i n b r e d  l i n e s  o f  c o r n . 
S c i . 1 2 : 2 6 1 - 2 6 4 . 
s t a l k 
C r o p  
( 3 4 )  L o e s c h ,  P . J . ,  J r . ,  O . H .  C a l v e r t ,  a n d  M . S .  Z u b e r . 
1 9 6 2 . I n t e r a c t i o n s  o f  D i pl o d i a  s t a l k r o t  a n d tw o � 
11 -
. 
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m o r p h ol o g i c a l  t r a i t s a s s o c i a t e d  w i t h l o d g i n g  o f  
c o r n . C r o p  S c i . 2 : 4 6 9- 4 7 2 . 
( 3 5 )  ' L o e s c h ,  P . J . ,  J r . ,  M . S .  Z u b e r ,  a n d C . O .  G r o g a n .  1 96 3 . 
I n h e r i t a n c e  o f  c r u s h i n g s t r e n g t h  a n d  r i n d t h i c k n e s s  
i n  s e v e r a l  i n b r e d  l i n e s  o f  c o r n . C r o p  S c i . 
3 : 1 7 3 - 1 7 4 .  
( 3 6 )  L o t h r op , J . E . ,  R . E .  A t k i n s , a n d  O . S . Sm i t h . 1 9 85 . 
V a r i a b i l i ty f o r  y i el d a n d y i el d c om po n e n t s  i n  I A P I R  
g r a i n  s o r g h um r a n d om- m a t i n g  p o p ul a t i o n . I .  M e a n s ,  
v a r i a n c e  com p o n e n t s ,  a n d h e r i t a b i l i t i e s . C r o p . S c i . 
2 5 : 2 3 5 - 2 4 0 . 
( 3 7 )  Ma r t i n ,  M . J . ,  a n d  W .  A .  R u s s e l l . 1 9 84 . R e s po n s e  o f  a 
m a i z e sy n t h e t i c t o  r e c u r r e n t  s e l e c t i o n f o r  s t a l k 
q u a l i ty . C r o p  S c i . 2 4 : 3 3 1 - 3 3 7 . 
( 3 8 )  Ma r t i n ,  M . J . ,  a n d  W . A .  R u s s el l . 1 9 84 . C o r r el a t e d  
r e s p o n s e s  o f  y i el d  a n d � t h e r  a g r o n om i c  t r a i t s t o  
r e c u r r e n t  s e l e c t i o n f o r  s t a l k q u a l i ty i n  a m a i z e 
sy n t h e t i c .  C r o p  S c i . 2 4 : 7 4 6 -7 5 0 . 
( 3 9 )  M i c h a el s o n ,  M . E .  1 9 5 7 . Fa c t o r s  a f f e c t i n g  d e v e l o pm e n t  
o f  s t a l k r o t  o f  c o r n  c a u s e d by Ui�lQdia ��ae a n d 
�i�Qecella ��a� . Phy t o pa t h .  4 7 : 4 9 9 - 5 0 3 . 
( 4 0 )  M i l e s ,  J . W . , J . W .  D u dl ey , D . G . W h i t e ,  a n d  R . J . 
L a m b e r t . 1 9 80 . Im p r o v i n g c o r n  po p u l a t i o n s  f o r  g r a i n  
y i e l d a n d r e s i s t a n c e  t o  l e a f  bl i g h t a n d s t a l k r o t . 
C r o p  S c i . 2 0 : 2 47 - 2 5 1 . 
( 4 1 ) M o e n t o n o ,  M . D . , L . L .  D a r r a h , M . S .  Z u b e r ,  a n d G . F .  
K r a u s e . 1 9 8 4 . E f f e c t s  o f  s el e c t i o n f o r  s t a l k 
s t r e n g t h  o n  r e s p o n s e s  t o  pl a n t d e n s i ty a n d l e v e l o f  
n i t r o g e n  a p pl i c a t i o n  i n  m a i z e .  May d i c a 2 9 : 4 3 1 - 4 5 2 . 
( 4 2 )  M o r t i m o r e , e . G . ,  a n d L . F . G a t e s . 1 96 9 .  E f f e c t s  o f  
r e d u c i n g i n t e r pl a n t  c om p e t i t i o n a t  d i f f e r e n t  s t a g e s 
o f  g r ow t h o n  s t a l k r o t  a n d y i el d  c om p o n e n t s  o f  
c o r n . C a n .  J .  Pl a n t  S c i . 4 9 : 7 2 3 -7 2 9 . 
( 4 3 )  Mo r t i m o r e ,  e . G . ,  a n d  R . E . W a l l . 1 96 5 . S t a l k r o t  o f  
c o r n  i n  r el a t i o n t o  pl a n t  po p u l a t i o n  a n d g r a i n  
y i el d .  C a n .  J .  Pl a n t  S c i . 4 5 : 4 87 - 4 9 2 .  
( 4 4 )  O t t o ,  H . J . ,  a n d H . L .  E v e r e t t . 1 9 5 6 . I n f l u e n c e  o f  
n i t r o g e n a n d p o t a s s i um f e r t i l i z a t i o n o n  t h e 
i n c i d e n c e  o f  s t a l k r o t  i n  c o r n . A g r o n . J .  
4 8 : 3 0 1 - 3 0 5 . 
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( 4 5 )  P a p pe l i s ,  A . J . ,  a n d  R . A . Ka t s a n o s . 1 96 9 .  Ea r r em o v a l 
a n d c e l l  d e a t h r a t e i n  c o r n  s t a l k t i s s u e . 
Phy t o  pa t h . 5 9 :  1 2 9- 1 3 1 . 
( 4 6 )  Pa p pe l i s , A . J . ,  S .  May a m a , M .  May a m a , J .  N .  B e M i l l e r ,  
J . A .  M u r phy , P .  M um f o r d ,  G . A .  Pa p pe l i s ,  a n d M . S . 
Ka n g . 1 97 3 . Pa r e n c hy m a c el l  d e a t h  a n d Ui�lQdia 
maydi� s u s c e p t i b i l i ty i n  s t a l k s  a n d e a r s  o f  c o r n . 
Pl a n t . D i s .  R e p t r . 5 7 : 3 0 8- 3 1 0 . 
( 47 )  P a p p e l i s , A . J . ,  a n d F . G . Sm i t h . 1 96 0 . N a t u r e o f  
r e s i s t a n c e  t o  D i pl o d i a  s t a l k r o t  o f  c o r n . ( A b s t r . ) . 
Phy t o pa th . 5 0 : 6 5 0 . 
( 4 8 )  Pa r k e r ,  D . T . , a n d  W . C . B u r r ow s . 1 9 5 9 .  R o o t  a n d s t a l k 
r o t  i n  c o r n  a f f e c t e d by f e r t i l i z e r a n d t i l l a g e 
t r e a tm e n t . A g r o n . J .  5 1 : 4 1 4 - 4 1 7 . 
( 4 9 )  R o b i n s o n ,  H . F . , R . E .  C om s t o c k ,  a n d  P . H .  H a r v ey . 1 9 4 9 .  
E s t i m a t e s  o f  h e r i t a b i l i ty a n d t h e  d e g r e e  o f  
d o m i n a n c e  i n  c o r n . A g r o n . J .  4 1 : 3 5 3 - 3 5 9 .  
( 5 0  ) R o b i n s o  n ,  H . F . , R • E • C o m s t o c k ,  a n d P . H . H a r v ey • 1 9 5 1 • 
G e n o ty p i c  a n d ph e n o ty p i c  c o r r el a t i o n s  i n  c o r n  a n d 
t h e i r i m pl i c a t i o n s  i n  s e l e c t i o n . A g r o n . J .  
4 3 : 2 8 3 - 2 87 . 
( 5 1 ) R o b i n s o n ,  H . F . , R . E .  Com s t o c k ,  a n d  P . H .  H a r v ey . 1 9 5 5 . 
G e n e t i c  v a r i a n c e s  i n  o p e n  p ol l i n a t e d  v a r i e t i e s o f  
c o r n . G e n e t . 4 0 : 4 5 - 6 0 .  
( 5 2 )  R u s s el l ,  W . A .  1 9 6 1 . A c om p a r i s o n  o f  f i v e  t y p e s o f  
t e s t e r s i n  e v a l u a t i n g  t � e  r el a t i o n s h i p  o f  s t a l k r o t  
r e s i s t a n c e  i n  c o r n  i n b r e d l i n e s  a n d s t a l k s t r e n g t h  
o f  t h e  l i n e s  i n  hy b r i d  c om b i n a t i o n s . C r o p  S c i . 
1 ·: 3 9 3 - 3 97 . 
( 5 3 )  R u s s e l l ,  W . A .  1 97 4 . C o m pa r a t i v e  p e r f o r m a n c e  f o r  m a i z e 
hy b r i d s  r e p r e s e n t i n g d i f f e r e n t  e r a s o f  m a i z e 
b r e e d i n g . P r o c . A n n u . C o r n  a n d S o r gh um R e s . C o n f . 
2 9 : 8 1 - 1 0 1 . 
( 5 4 )  S e n tz , J . C . 1 97 1 . G e n e t i c  v a r i a n c e s  i n  a sy n t h e t i c  
v a r i e ty o f  m a i z e e s t i m a t e d  by tw o m a t i n g  d e s i g n s . 
C r o p  S c i . 1 1 : 2 3 4 - 2 3 8 . 
( 5 5 )  S i m p s o n ,  W .  R .  1 96 7 . 
o n  t h e  i n c i d e n c e  o f  
R e p t r . 5 1 : 5 4 0 - 5 4 2 .  
I n f l u e n c e  o f  c u l t u r a l p r a c t i c e s  
s t a l k r o t  o f  c o r n . Pl a n t D i s .  
( 5 6 )  
( 5 7 )  
( 5 8 )  
( 5 9 )  
4 5  
S i n g h ,  T . P .  1 97 0 .  A s s o c i a t i o n b e tw e e n  c e r t a i n  s t a l k 
t r a i t s r el a t e d  t o  l o d g i n g  a n d g r a i n  y i el d  i n  m a i z e .  
E u phy t i c i 1 9 : 3 9 4 - 3 97 . 
S i n g h ,  T . P . , M . S .  Z u b e r ,  a n d G . F .  K r a u s e . 1 96 9 .  
R e l a t i o n sh i p  o f  c e r ta i n  s t a l k  c h a r a c t e r s  w i t h g r a i n  
y i el d  i n  c o r n . C r o p  S c i . 9 : 26 5 - 2 6 7 . 
S h u r tl e f f ,  M . C .  ( e d . ) . 1 97 3 . Com p e n d i u m o f  c o r n  
d i s e a s e s . Th e  Am e r i c a n  P hy t o pa t h ol o g i c a l  S o c i e ty ,  
S t . Pa ul , M i n n e s o t a . p .  4 4 . 
Sl e p e r ,  D . A . , a n d  W . A .  R u s s e l l . 1 97 0 . I n t e r r el a t i o n­
s h i p s a m o n g  s e v e r al s t a l k c h a r a c t e r i s t i c s  i n  m a i z e 
a n d t h e i r s i g n i f i c a n c e  i n  r e s i s t a n c e  t o  n a t u r a l 
s t a l k b r e a k a g e . I ow a  S t a t e J .  S c i . 4 5 : 1 97 - 2 0 9 .  
( 6 0 )  S p r a g u e ,  G . F .  1 9 5 4 . B r e e d i n g f o r  r e s i s t a n c e  t o  s t a l k 
r o t . Pr o c . A n n u . S e e d  T r a d e  A s s n . 9 : 3 8- 4 3 . 
( 6 1 ) T a l l i s , G . M .  1 9 5 9 .  S a m pl i n g e r r o r s o f  g e n e t i c  
c o r r el a t i o n  c o e f f i c i e n t s  c a l c ul a t e d  f r om a n a l y s i s  
o f  v a r i a n c e  a n d c o v a r i a n c e . A u s t . J .  S t a t . . 1 : 3 5 - 4 3 . 
( 6 2 )  T h om p s o n ,  D . L . 1 96 3 . S t a l k s t r e n g t h  o f  c o r n  a s  
m e a s u r e d by c r u s h i n g s t r e n g t h  a n d r i n d t h i c kn e s s . 
C r o p  S c i : 3 . 3 2 3 - 3 2 9 . 
( 6 3 )  T h om p s o n ,  D . L .  1 96 9 .  S el e c t i o n  f o r  s t a l k  q u a l i ty i n  
c o r n . P r o c . A n n u . C o r n  R e s . Co n f . 2 4 : 7 - 1 4 .  
( 6 4 )  T h om p s o n ,  D . L . 1 97 0 . S p e c i f i c g r a v i ty o f  c o r n  s t em 
s e c t i o n s . C r o p  S c i . 1 0 : 1 5 - 1 7 . 
( 6 5 )  T h om p s o n . D .  L .  1 97 2 .  
s u s c e p t i b i l i ty a n d 
1 2 : 6 3 1 - 6 3 4 . 
R e c u r r e n t  s e l e c t i o n  f o r  l o d g i n g  
r e s i s t a n c e  i n  c o r n . C r o p  S c i . 
( 6 6 )  T h om p s o n .  D . L . 1 9 82 . G r a i n  y i el d  o f  tw o sy n t h e t i c s 
a f t e r  s e v e n  cy c l e s  o f  s el e c t i o n f o r  l od g i n g  
r e s i s t a n c e . C r o p  S c i . 2 2 : 1 20 7 - 1 2 1 0 . 
( 6 7 )  Tw u m a s i - Af r i y i e , S . , a n d R . B .  H u n t e r . 1 9 82 . 
E v a l u a t i o n  o f  q u a n t i t a t i v e  m e t h o d s  f o r  d e t e r m i n i n g 
s t a l k q u a l i ty i n  s h o r t s e a s o n  c o r n  g e n o ty p e s . Ca n .  
J .  Pl a n t S c i . 6 2 : 5 5 - 6 0 .  
( 6 B )  V e r a ,  G . A .  , a n d  P . L . C r a n e  . 1 97 0 . E f f e c t s  o f  
s e l e c t i o n  f o r  l ow e r e a r h e i g h t  i n  sy n t h e t i c  
p o p ul a t i o n s  o f  m a i z e .  C r o p  S c i . 1 0 : 2 86 - 2 8 8 . 
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( 6 9 )  W i l c o x s o n . R . D .  1 96 2 . S t a l k r o t  i n  r el a t i o n t o  y i el d  
o f  c o r n . P hy t o pa t h .  5 2 : 4 1 6 - 4 1 8 .  
( 7 0 ) ·w i 1 1  i a m  s , J • C • , · L • H • P e n ny , a n d G • F . S p r a g u e • 1 9 6 5 • 
F u l l - s i b  a n d h a l f- s i b  e s t i m a t e s  o f  g e n e t i c  v a r i a n c e  
i n  a n  o p e n - p ol l i n a t e d  v a r i e ty o f  c o r n . C r o p  S c i . 
5 : 1 2 5 - 1 2 9 . 
( 7 1 ) Z u b e r ,  M . S .  1 97 3 .  E v a l u a t i o n  o f  p r o g r e s s  i n  s e l e c t i o n 
f o r  s t a l k q u a l i ty . P r o c . An n u .  C o r n  a n d S o r gh um 
R e s . C o n f . 2 8 : 1 1 0 - 1 2 2 .  
( 7 2 )  Z u b e r ,  M . S . , T . R .  C o l b e r t ,  a n d  L . L .  D a r r a h . 1 9 80 . 
E f f e c t  o f  r e c u r r e n t  s e l e c t i o n f o r  c r u s h i n g s t r e n g t h  
o n  s e v e r a l s t a l k c om po n e n t s  i n  m a i z e .  C r o p  S c i . 
2 0 : 7 1 1 - 7 1 7 . 
( 7 3 )  Z u b e r ,  M . S . , a n d C . O .  G r o g a n .  1 96 1 . A n ew t e c h n i q u e  
f o r  m e a s u r i n g s t a l k  s t r e n g t h  i n  c o r n . C r o p  S c i . 
1 : 3 7 8- 3 80 . 
( 7 4 )  Z u b e r ,  M . S . , C . O .  G r o g a n ,  M . E .  M i c h a el s o n ,  C . W .  
G e h r k e , a n d J .  F .  Mo n g e . 1 95 7 . S t u d i e s  o f  t h e  
i n t e r r el a t i o n o f  f i el d  s t a l k l o d g i n g ,  tw o s t a l k 
r o t t i n g f u n g i  a n d c h em i c a l  c om p o s i t i o n  o f  c o r n . 
A g r o n . J .  4 9 : 3 2 8- 3 3 1 .  
( 7 5 )  Z u b e r ,  M . S . , a n d M . S .  Ka n g . 1 97 8 .  C o r n  l o d g i n g  s l ow e d 
by s t u r d i e r  s t a l k s . C r o p s S o i l s 3 0 : 1 3 - 1 5 .  
( 7 6 )  Z u b e r ,  M . S . , a n d  P . J . Lo e s c h ,  J r . 1 96 2 .  A m e c h a n i c a l  
m e t h o d o f  e v a l u a t i n g  s t a l k l o d g i n g . P r o c . A n n u . 
C o r n  R e s .  C o n f . 1 7 : 1 5 - 2 3 . 
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A P PEN DICES 
APPENDIX A 
F-tests
'
- of mean sq uares ·from coinbi ned analy ses of v ar i ance of . pl ant 
and stal k tra i ts i n  SDPPS . 
Mean Sq uar ell RST RT NT SA IL DIP EHT SL MST YLD 
---------------
fvi.al e  * * *  ** ** ** ** * *  * *  * *  * *  
Femal e/Mal e ** * *  * *  ** ** ** ** * *  * *  ** 
Hal e x E ** NS N S  ** ** NS * ** ** ** 
Femal e/Mal e x E NS NS N S  NS NS NS * NS N S  N S  
* , ** Significantly di ffer ent from z ero a t  the 0 . 05 and 0 . 0 1  probabil i ty 
l ev el . 
NS Not signif icantly d i fferent from z ero . 
# RST = R i nd strength ( kg ) , RT = Ri nd thi ckness ( mm) ,  · NT = Nodal 
pl a te thi ckness (mm) , SA = Stalk cross-secti onal area C mm2 ) , 
IL = Internode l ength ( rrun) , DI P = Di pl odia stal k rot measured on 
a 1 to 6 scal e w i th 1 as most resi stant, EHT = Ear hei ght ( m ) , 
SL = Stal k l odgi ng ( % ) ,  MST = G ra i n  moi sture ( % ) , YLD = G ra i n  
( - 1 )  • Yi el d  Mg ha 
APPENDIX B 
Estimates of additive geneti c variance, env i ronmental vari ance and heri tabil iy for pl an� and 
stal k traits in SDPPS in 1 986 and 1 987 .  
Add itive geneti c vari ance · Env ironmental variance Heritabil ity 
Tra it# 1 986 1 98'7 1 986 1 9trr 1 986 1 987 
--- - - - ---------- ---------- ---- - -- - - - - - - - - - - - -
RST 0 . 0 897 0 . 0252* 0 . 267 3 0 . 0486 0 . 1 3  0 . 34* 
RT 0 . 0 1 05* 0 . 0039* 0 . 0 1 1 1  0 . 0063 0 . 4 9* 0 . 2 8f 
NT 0 . 1 1 04* 0 . 1 524* 0 . 0 81 7  0 . 1 000 0 . 53* 0 .6 0* 
SA 1 3 88 .6774* 1 7 94 .7 1 91 * 21 67 . 4 1 7 9  1 1 57 . 22 90 0 . 3 8* 0 . 4 8* 
IL 1 1 6 . 1 46 8* 72 . 875 8* 88 . 1 550 7 1 . 6 92 8  0 .57* 0 . 3 9* 
DI P 0 . 1 6 96* 0 . 1 542* 0 . 0677 0 . 1 544 0 .72* . 0 . 4 9* 
EHT 0 . 0063* : 0 . 0032* 0 . 00 1 1 0 . 0005 0 .66* 0 . 87 *  
SL 93 .7572* 9 8 . 40 1 2* 74 . 923 8 2 8 . 5 83 8 . 0 . 55* 0 . 36* 
MST 5 .6260* 1 .40 89* 3 .6 4 92 1 . 43 1 9  0 .6 1 * 0 . 50* 
YLD 1 .7254* 2 .2 1 66* 1 .0697 3 . 1 3 89 0 . 6 2* 0 . 4 1 * 
* Her itabil ity and additive geneti c variance di ffer signif icantly from z ero a s  i t s  absolute 
magn itude exceeded tw ice its standard error . 
II RST = Rind strength ( kg ) , RT = Rind thickness (mm), NT = Nodal pl ate th ickness ( mm) , 
SA = Stal k cross- sectional area ( mm
2 ) ,  IL = Internode l ength ( rrm) , DI P = Di pl od i a  stal k rot 
measured on a 1 to 6 scal e with 1 as most resi stant, EHT = Ea r hei ght (m) , SL = Stal k 
lodgi ng ( % ) ,  MST = Grain moi sture ( % ) ,  YLD = Gra i n  Yi el d  ( Hg ha- 1 ) .  
,c.. 
\.0 
APPENDIX C 
Pool ed estimates of geneti c ( above diagonal ) and phenoty pic ( bel ow diagonal ) covariances between 
tra its in SDPPS . 
Tra it# RST RT NT SA IL DIP EHT SL MST YLD 
RST 0 . 0 1 90 9  0 . 02298  2 . 345 1 6  0 . 4 9544 0 . 03 895 0 . 003 1 7  -2 . 233'76 -0 .007 34 -0 . 05 96 3  
RT 0 . 02555 -0 . 00 1 83 0 . 89400 0 .04 8'7 4  0 . 0 1 21 3  0 . 00229 �0 . 4 9328 -0 . 03602 0 . 0 1 1 4 1  
NT 0 . 023 1 1 0 .0021 4 0 .5 47 33 o .  7 85 91 0 . 0056 3 0 . 00035 0 . 22621  -0 . 1 2674 -0 . 00228 
SA 3 .203'7 9 1 . 3221 4 2 . 2 91 50 -34 . 1 35 9 8  5 . 889 89 0 . 25 953 -25 . 92 93 1  -5 .7 3055 1 6 . 96 1 4 9  
IL 0 . 8051 0 0 . 0 1 341  0 . 9897 5 -27 . 057 33 1 . 25663 0 . 1 77 00 -4 . 96523 -6 . 343'35 -0 . 03 0 82 
DI P 0 . 0 1 47 8  0 . 0 1 21 5  -0 . 00437 5 . 40093 1 .5 1 6 92 0 . 0 1 27 4 -0 . 25 947 -0 . 2 890 9 -0 . 1 41 94 
EHT 0 .0 1 1 65 0 . 00357 0 . 0007 3 0 .7 90 1 6  0 . 35 854 0 . 0 1 07 5  -0 . 1 0 1 7 0  0 . 00372 -0 . 0 1 1 57 
SL -2 . 6535 9 -0 . 6 1 5 1 7  -0 . 00 884 -1 2 . 26466 -1 0 .5'7729 -0 . 02866 -0 . 06088 1 . 81 96 1  1 . 45 891 
MST -0 . 026 1 8  -0 . 034 88 -0 . 1 2204 0 .7 4 1 73 -6 . 6 9245 -0 . 3 836 8 0 . 0 1 356 1 . 775 1 6  -0 . 1 1 002 
YLD -0 . 03322 0 . 0 1 1 Z( -0 . 0 1 91 9  1 6 . 4 1 4 1 3 0 . 4056 9 -0 . 20 93 9  -0 . 1 0 1 1 3 1 . 1 3640 -0 . 1 334 8 
II RST = Rind strength ( kg) , RT = Ri nd th ickness (mm) , NT = Nodal pl ate thickness ( mm) , SA = Stal k 
cross- secti onal area (mm� ) , IL = Internode l ength (mm) , DI P = Dipl odia  stal k rot measured on a 
1 to 6 scal e with 1 as most resi stant, EHT = Ear hei ght ( m ) , SL = Stal k l odging ( % ) , MST = G ra i n  
moi sture ( % ) , YLD= G rain Yi eld ( Mg ha- 1 ) .  
Lll 
0 
